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CERTIFICATION 


The Hewlett-Packard Company certifies that this instrument was 
thoroughly tested and inspected and found to meet its published 
specifications when it was shipped from the factory. The Hewlett- 
Packard Company further certifies that its calibration measure- 
ments are traceable to the U.S. National Bureau of Standards to 
the extent allowed by the Bureaw’s calibration facility. 


WARRANTY AND ASSISTANCE 


All Hewlett-Packard products are warranted against defects in 
materials and workmanship. This warranty applies for one year 
from the date of delivery, or, in the case of certain major compo- 
nents listed in the operating manual, for the specified period. We 
will repair or replace products which prove to be defective during 
the warranty period provided they are returned to Hewlett- 
Packard. No other warranty is expressed or implied. We are not 
liable for consequential damages. 


Service contracts or customer assistance agreements are available 
for Hewlett-Packard products that require maintenance and re- 
pair on-site. 


For any assistance, contact your nearest Hewlett-Packard Sales and 
Service Office. Addresses are provided at the back of this manual. 


MANUAL CHANGES 


MANUAL IDENTIFICATION 


Model Number: 94124 
Date Printed: April 1972 
Part Number: 08412-90018 


This supplement contains important information for correcting manual errors and for adapting the manual to 
instruments containing improvements made after the printing of the manual. 


To use this supplement: 


Make all ERRATA corrections 
Make all appropriate serial number related changes indicated in the tables below. 


Serial Prefix or Number Make Manual Changes Serial Prefix or Number Make Manual Changes 


1321A Lae 


1327A01606 thru 1616A 120 SoAy6 
1327A02060 Lee? 
1327A02061 thru 1 2vai4e 5G 
1327A02410 12.3 
Bp NEW ITEM ], 2, 3, 4, 5, 6,.7 
- Inside front cover: 


ERRATA 
Insert new information regarding SAFETY, CERTIFICATION, and WARRANTY AND ASSISTANCE 
immediately inside front cover of manual (new information sheet supplied in this Manual Changes 
Supplement). 


Page 1-1, General Information: 
Add the following information preceding Paragraph 1-1: 


1-A. SAFETY CONSIDERATION 
General 


This instrument has begn designed and tested 
according to IEC Publication 348, ‘‘Safety 


Service 


Although the instrument has been designed in 
accordance with international safety standards, 
the information, cautions, and warnings in this 
manual must be followed to ensure safe oper- 


ation and to keep the instrument safe. Service 
and adjustments should be performed only by 
qualified service personnel. 


Requirements for Electronic Measuring Appa- 
ratus,’’ and has been supplied in safe condition. 
This is a Safety Class I instrument. 


NOTE 


Manual change supplements are revised as often as necessary to keep manuals as current and accurate as possible. 
Hewlett-Packard recommends that you periodically request the latest edition of this supplement. Free copies are available 
from all HP offices. When requesting copies quote the manual identification information from your supplement, or the model 


number and print date from the title page of the manual. 


® 
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Printed in U.S.A. 
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ERRATA (Cont'd) 


Adjustment or repair of the opened instrument 
with the ac power connected should be avoided 
as much as possible and, when inevitable, should be 
performed only by a skilled person who knows 
the hazard involved. 


Capacitors inside the instrument may still be 
charged even though the instrument has been 
disconnected from its source of supply. 


Make sure only fuses of the required current rat- 
ing and type (normal blow, time delay, etc.) 


Page 6-3, Table 6-2: 
Delete Al 08412-60030. 
Delete A2 08412-60031. 


Page 6-5, Table 6-2: 
Delete A3 08412-60032. 


08412-90018 


are used for replacement. Do not use repaired 
fuses or short circuit the fuse holders. 


Whenever it is likely that the protection has been 
impaired, make the instrument inoperative and 
secure it against any unintended operation. 


| 
| [warnine } 
| 


Servicing this instrument often requires that you 
work with the instrument’s protective covers re- 
moved and with ac power connected. Be very care- 
ful; the energy at many points in the instrument 
may, if contacted, cause personal injury. 


Change A3C7 to HP Part No. 0160-2055, C:FXD CER 0.01 uF +80 —20% VDCW, Mfr Code 56289, Mfr Part No. 


CO23F10F103ZS22-CD. 


Page 6-6, Table 6-2: 
Add ‘(Does not include A4A1)” after description for A4. 
Delete REBUILT-EXCHANGE ASSEMBLY for A4. 


Add ‘(Does not include A4)” after descriptions for A4A1. 


Delete A4A1 08412-60045. 
. Delete A5 08412-60034. 


Page 6-7, Table 6-2: 


Change A5R2 to HP Part No. 0757-0466, R:FXD MET FLM 110K OHM 1% 1/8W, Mfr Code 28480, Mfr Part No. 


0757-0466. 
Delete second A5R2 under Reference Designation. 


Delete FACTORY SELECTED PART under Description for A5A2. 
Change A5R3 to HP Part No. 0757-0441; R:FXD MET FLM 8.25K OHM 1% 1/8W, Mfr Code 28480, Mfr Part No. 


0757-0441. 
‘* Delete A6 08412-60035. 
' Delete A7 08412-60036. 


Page 6-8, Table 6-2: 
Delete A8 08412-60037. 
Delete A9 08412-60038. 


Page 6-10, Table 6-2: 
Delete A10 08412-60039. 


Page 6-11, Table 6-2: 
Change V1 to HP Part No. 5083-1874 
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ERRATA (Cont'd) 


Page 6-12, Table 6-2: 
Change item 2 to HP Part No. 10178A. 
Add 7120-4162 Label, Info. 


Page 7-15, Figure 7-16: 
Change A10R1 to A10R3, 12.1K. 
Change A10R8 to A10R1, 8.25K. 
Change A10R6 to A10R42. 
Change A10R42 to A10R6. 
Change A10R10 to A10R11, 12.1K. 
Change A10R11 to A10R10, 8.25K. 


CHANGE 1 


Page 6-7, Table 6-2: 


08412-90018 


Add A5R42, HP Part No. 0698-0083, R:FXD MET FLM 1.96K 1% 1/8W, Mfr Code 28480, Mfr Part No. 0698-0083. 


Page 7-21, Figure 7-22: 
Add A5R42, 1960 Ohms from collector of A5Q10 to ground. 


CHANGE 2 


Page 6-12, Table 6-2: 
Change first item 12 (under “Reference Designation’’) to HP Part No. 08412-00030. 
Change second item 12 to HP Part No. 08412-00029. 
Change first item 23 to HP Part No. 5000-9140. 
Change second item 23 to HP Part No. 5000-3339. 


CHANGE 3 


Page 6-7, Table 6-2: 
Change A5R1 to HP Part No. 0757-0464 R: FXD MET FLM 90.9K OHM 1% 1/8W. 


Change A5R3* to HP Part No. 0757-0442 R: FXD MET FLM 10.00 K OHM 1% 1/8W. 


Change ASCR4 to HP Part No. 1901-0033 DIODE: SILICON, 100 MA, 180 WV. 


Page 7-21, Figure 7-22 (Schematic Diagram): 
Change R1 to 90.9K. 
Change R3 to R3* 10K. 


Change CR4 to standard diode and delete 11.5V. 


CHANGE 4 
Page 6-11, Table 6-2: 
Change V1 to HP Part No. 5083-1888. 
CHANGE 5 
Page 6-11, Table 6-2: 
Change V1 to HP Part No. 5083-1874. 
CHANGE 6 
Page 6-12, Table 6-2: 
Change first item 12 to HP Part No. 08412-00032. 
Change first item 23 to HP Part No. 08412-00033. 
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B&CHANGE 7 


Page 7-23, Figure 7-24: 
Change the circuit configuration of the CRT Trace Align Network as shown in the partial schematic below: 


+20 VDC 


L1 


TRACE ALIGN 
COIL ON CRT 
1 
\ 
TRACE 
D hvan 
—20 VDC 


P/O Figure 7-24. Low Voltage Power Supply A8& Schematic Diagram (CHANGE 7) 
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SAFETY 


This instrument has been designed and tested according to IEC Publication 348, 
“Safety Requirements for Electronic Measuring apparatus,” and has been supplied in 
safe condition. This is a Safety Class I instrument. To ensure safe operation and to keep 
the instrument safe, the information, cautions, and warnings in this manual must be 
heeded. Refer to Section I for general safety considerations applicable to this instru- 
ment. 


CERTIFICATION 


The Hewlett-Packard Company certifies that this instrument was thoroughly tested 
and inspected and found to meet its published specifications when it was shipped from 
the factory. The Hewlett-Packard Company further certifies that its calibration meas- 
urements are traceable to the U.S. National Bureau of Standards to the extent allowed 
by the Bureau’s calibration facilities, or to the calibration facilities of other Interna- 
tional Standards Organization members. 


WARRANTY AND ASSISTANCE 


This Hewlett-Packard product is warranted against defects in materials and work- 
manship. This warranty applies for one year from the date of delivery. Hewlett- 
Packard will repair or replace products which prove to be defective during the warranty 
period provided they are returned to Hewlett-Packard. No other warranty is expressed 
or implied. We are not liable for consequential damages. 


Service contracts or customer assistance agreements are available for Hewlett-Packard 
products that require maintenance and repair on-site. 


For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. 
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PHASE-MAGNITUDE DISPLAY 
8412A 


SERIAL NUMBERS 


This manual applies directly to instruments 
with serial numbers prefixed 0990A and 1144A. 


With changes described in Appendix I, this 
manual also applies to instruments with serial 
numbers prefixed 929- through 976-. 


For additional important information about 
serial numbers see "Instruments Covered by 
Manual" in Section I. 


Copyright HEWLETT-PACKARD COMPANY 1969 
1501 PAGE MILL ROAD, PALO ALTO, CALIFORNIA, U.S.A. 


Manual Part No. 08412-90018 
Microfiche Part No. 08412-90019 APRIL 1972 
Operating Information Part No. 08412-90021 
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Section I 


SECTION |! 
GENERAL INFORMATION 


1-1. DESCRIPTION. 


1-2. The Model 8412A Phase-Magnitude Display 
(Figure 1-1) isa plug-in display unit for the HP 
Models 8407A and 8410A Network Analyzers. The 
instrument contains a CRT which displays test signal 
amplitude and phase on two separate CRT traces. 


1-3. The amplitude and phase display may show 
signals which represent various amplitude ratios 
depending on the transducer used in the network 
analyzer. The displayed quantities may be ratios of 
voltage, current, impedance, or an incident-to- 
reflected signal. 


1-4. Amplitude is displayedin decibels/division and 
phase is displayed in degrees/division on the CRT 
graticule. Various vertical amplifier sensitivity 
ranges for both amplitude and phase may be selected. 
Front panel phase offset controls allow the phase to 
be adjusted for the most convenient display. 


1-5. A rear-panel connector accepts a voltage vs. 
frequency sweep signal from the sweep oscillator and 
amplifies the signal within the instrument to provide 
a horizontal sweep for the CRT. Rear panel con- 
nectors also provide amplitude and phase output 
signals and accept Z-axis marker and blanking input 
signals. Complete specifications for the Model 8412A 
Phase -Magnitude Display are given in Table 1-1. 


1-6. INSTRUMENTS COVERED BY MANUAL. 


1.7. Each Phase-Magnitude Display carries a two- 
part serial number. Thenumber preceding the hyphen, 
or letter, is a prefix. The contents of this manual ap- 
ply directly to instruments having the same serial 
number prefixes as listed after SERIAL NUMBERS on 
the title page. 


1-8. Revision required to adapt this manual to other 
serial number prefixes are given in a yellow-sheet 
Manual Changes insert supplied with the manual. For 
information concerning serial number prefixes not 
listed on the title page or in an insert, contact your 
nearest Hewlett-Packard office. 


1-9. WARRANTY. 


1-10. Terms of the warranty on the 8412A are de 
scribed on the front cover of this manual. For any 
additional information converning warranty, contact 
your nearest Hewlett-Packard field office. 


Table 1-1. Specifications (Sheet 1 of 2) 


INSTRUMENT FUNCTION: Plug-in CRT display for HP 8407A and HP 8410A Network Analyzers. 
Displays ratio and phase versus frequency of RF signal. 


DYNAMIC RANGE: 80 dB amplitude and +180 degree phase. 


CONTROLS: 


MODE: Positions are amplitude, phase, or dual. 


intense than phase for identification. 


In dual position, the amplitude trace is more 


AMPLITUDE RANGE: 0.25, 1.0,. 2.5, and 10 dB/Division. 


PHASE RANGE: 1, 10, 45, and 90 DEG/Division. 


PHASE OFFSET: Offsets display in 20 degree steps from -180 degrees to +180 degrees. 


BANDWIDTH: 10 kHz for maximum information display or 100 Hz to filter displayed noise. 


LOW LEVEL AMPLITUDE CALIBRATION: Calibrates low level amplitude signal display. 


HORIZONTAL GAIN: Adjusts length of trace. 


1-1 
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Table 1-1. Specifications (Sheet 2 of 2) 


INPUTS: 
SWEEP IN: Requires sweep signal (5V p-p minimum) from sweeper for horizontal sweep drive. 


BLANKING: Blanks CRT with -4 Vdc applied. Compatible with HP 8601A and 
8690 series Sweepers. 


Z-AXIS: Intensifies traces with -5 Vdc and blanks with +5 Vdc applied. 
OUTPUTS: 

AMPLITUDE AUXILIARY: 50 MV/dB 

PHASE AUXILIARY: 10 MV/DEGREE 
AMPLITUDE ACCURACY: 

Display: 0.03 dB/dB +0.05 div/div. 

Rear Output: 0.03 dB/dB. 

Temperature Coefficient: Typically <0.05 dB/°C at midscreen. 
PHASE ACCURACY: 

Display: 0.015°/degree +0.05 div/div. 

Rear Output: 0.015°/degree. 


Phase Offset: 0.3°/20 degree step, not to exceed total error of 3° for 360° of change, positive 
or negative direction. 


Vs. Displayed Amplitude: 


Over upper 70 dB amplitude range: <1°/10 dB, maximum phase change not to exceed 4°. 
Over full 80 dB amplitude range: Maximum phase change not to exceed 6°. 


POWER: 23 Watts supplied by mainframe. 


WEIGHT: Net 17 lb. (7,8 kg); Shipping 22 lb. (10 kg). 


DIMENSIONS: 6 in. high, 15-9/16 in. deep, 7-9/32 in. wide (15,2 x 39,5x18,6 cm); excludes 
front panel knobs. 
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SECTION II 
INSTALLATION 


2-1. INITIAL MECHANICAL INSPECTION. 


2-2. The Phase-Magnitude Display was carefully 
inspected both mechanically and electrically prior to 
shipment. If external damage to the shipping carton 
is evident, ask the carrier's agent to be present when 
the instrumentis unpacked. Check the instrument for 
external damage such as broken controls or con- 
nectors and dents or scratches on the panel surface. 
If damage is evident, refer to Paragraph 2-7 for 
recommended claim procedure and Paragraph 2-9 
for repackaging information. If the shipping carton 
is not damaged, check the cushioning material and 
note any signs of severe stress as an indication of 
rough handling in transit. If the instrument appears 
undamaged, perform the electrical check 
(Paragraph 2-3). 


2-3. INITIAL ELECTRICAL INSPECTION. 


2-4. Check the electrical performance of the Phase- 
Magnitude Display as soon as possible after receipt 
by performing the Performance Test (Paragraph 5-4). 
The Performance Test procedure compares the elec- 
trical performance to the specifications of Table 1-1. 
This testis suitable for incoming quality control 
inspection. If the Phase-Magnitude Display does not 
perform within the specifications, refer to Para- 
graph 2-7 for recommended claim procedure and 
Paragraph 2-9 for repackaging information. 


2-5. PREPARATION FOR USE. 


2-6. The 8412A Phase-Magnitude Display mounts in 
the readout section of the Model 8407A or 8410A Net- 
work Analyzer mainframe. To mount the 8412A dis- 
play, unlock the insertion arm on the front panel of 
the mainframe and if a different plug-in is installed, 
remove it. Slide the 8412A into position, then lock 
the insertion arminplace at the bottom ofthe display. 


2-7. CLAIMS. 


2-8. If physical damage is evident, or if the instru- 
ment does not meet specifications when received, 
notify the carrier and the nearest Hewlett-Packard 


sales and service office. (See list atrear of manual). 
The sales and service office will arrange for repair 
or replacement without waiting for settlement of a 
claim with the carrier. 


2-9. REPACKAGING FOR SHIPMENT. 
2-10. USING ORIGINAL PACKAGING. 


2-11. The same containers and materials used in 
factory packaging canbe obtained through the Hewlett- 
Packard sales and service offices listed at the rear 
of this manual. If the Model 8412A is being returned 
to Hewlett-Packard for servicing, attach a tag indi- 
cating the type of service required, return address, 
model number, and full serial number. Also, mark 
the container FRAGILE to assure careful handling. 
In any correspondence, refer to the instrument by 
model number and full serial number. 


2-12. USING OTHER PACKAGING. 


2-13. The following general instructions should be 
used for repackaging with commercially-available 
materials: 


a. Wrap the instrument in heavy paper or plastic. 
(If shipping to a Hewlett-Packard service office or 
center, attach a tag indicating the type of service 
required, return address, model number, and full 
serial number. ) 


b. Use a strong shipping container. A double-wall 
carton made of 350 pound test material is adequate. 


c. Use enough shock-absorbing material (3- to 4- 
inch layer) around all sides of the instrument to pro- 
vide firm cushioning and prevent movement inside the 
container. Protect the control panel with cardboard. 


d. Seal the shipping container securely and mark 
it FRAGILE to assure careful handling. 


e. In any correspondence, refer to the instrument 
by model number and full serial number. 
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Section III 


SECTION Ill 
OPERATION 


3-1. INTRODUCTION 


3-2. The Model 8412A Phase-Magnitude Display isa 
plug-in unit for the Model 8407A or 8410A Network 
Analyzer mainframe. The 8412A provides a direct 
CRT trace of phase and magnitude showing the ratio 
between the test and reference RF Signals appliedto 
the network analyzer. Controls on the front panel 
provide horizontal positioning and gain, amplitude low 
level calibration, phase and amplitude display resolu- 
tion, and phase offset of the phase trace, as well as 
CRT intensity and focus. Controls on the rear panel 
provide vertical positioning and aligning the trace 
with the horizontal graticule. The rear panel contains 
BNC connectors which allow connection of the sweeper 
horizontal signal, markers, and blanking. Output 
Signals from the phase and magnitude amplifiers are 
available at rear panel BNC connectors for use with 
an external X-Y recorder or oscilloscope. 


3-3. PANEL FEATURES 


3-4, Front and rear panel controls, connectors, 
and indicators are described in Figures 3-1 and 3-2. 
In these figures, the numbers on the illustrations 
match the description numbers. 


3-5. SCREWDRIVER ADJUSTMENTS 


3-6. There are three operator screwdriver adjust- 
ments on the 8412A, one on the front panel and two 
on the rear panel. 


3-7. The AMPL CAL (LOW LEVEL) control on the 
front panel adjusts calibration of the amplitude ampli- 
fier. To properly adjust this control, set the Network 
Analyzer test channel gain and amplitude vernier to 
obtain an 8412A trace on the center graticule line. 
Decrease the test channel gain in 10 dB steps. With 
the 8412A AMPL DB/DIV control set to 10, the trace 
should move down one major division for each step. 
If not, adjust AMPL CAL (LOW LEVEL) control on 
front panel. Continue adjusting the test channel gain 
and AMPL CAL (LOW LEVEL) controls until the 
trace moves exactly one major division for each 
10 dB step, from the center graticule line toward the 
bottom of the CRT. 


3-8. The VERT POS control on the rear panel is 
adjusted in a manner similar to adjusting the dc 
balance of a de coupled oscilloscope. Set the Sweep 
Oscillator, Network Analyzer, and 8412A controls 
to obtain a swept amplitude display positioned near 


the center graticule line. With the 8412A amplitude 
sensitivity switch (AMPL DB/DIV) set to 0.25, adjust 
the Network Analyzer amplitude vernier control to 
position the 8412A trace on the center graticule 
line. Then set the 8412A AMPL DB/DIV control to 
10. If the trace has moved from the center graticule 
line, recenter it by adjusting the VERT POS control 
on the rear panel. Continue adjusting the amplitude 
Sensitivity, amplitude vernier, and vertical position 
controls as described above; adjust for minimum 
trace change with a change in sensitivity. 


3-9. The TRACE ALIGN control on the rear panel 
is adjusted to align the 8412A trace to the horizontal 
graticule. The alignment is done most effectively 
on the center graticule line. The Sweep Oscillator 
should be set for minimum sweep width. 


3-10. OPERATING PROCEDURES 


3-11. The 8412A Phase-Magnitude Display plugs into 
both the Model 8407A and the Model 8410A Network 
Analyzers which together cover the entire band 
between 100 kHz and 12.4 GHz. In an amplitude test 
setup, the 8412A displays both magnitude and phase. 
Tests may be made on many types of components and 
circuits, whether passive or active. Tests may also 
be made of two matched amplifiers or other devices 
to see how they differ in gain and phase across a 
swept band of frequencies. In a reflectometer test 
setup, the 8412A displays return loss and phase 
of the reflected signal. From this information, the 
VSWR, reflection coefficient, and impedance can be 
calculated. Typical test setups for both reflection 
and transmission measurements are shown in Fig- 
ures 3-3 through 3-6. 


3-12. In another application, the 8410A together 
with an 8412A plug-in is used as the readout in- 
strument for an S Parameter Test Set, HP Model 
8745A (0.1 - 2 GHz), or for a Reflection/Transmis- 
sion Test Unit, HP Model 8743A (2.0 - 12.4 GHz). 
These units test transmission and reflection char- 
acteristics of two-port devices. For transmission 
measurements, the 8412A displays gain or loss in 
dB and for reflection measurements the 8412A dis- 
plays gain or loss in dB and for reflection measure- 
ments the 8412A displays return loss in dB. For 
more detailed operating instruction using the 8410A 
System with an 8743A or 8745A, see the appropriate 
operating manual for the transmission/reflection 
instrument used. 
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FRONT PANEL 


HEWLETT « PACKA 


B4IZA PHASE-MAGNITUDE DISPLAY 


HORIZ POSITION HORIZ GAIN AMPL CAL 


HORIZ POSITION control. 
horizontally. 


Moves trace 


HORIZ GAIN control. Adjusts gain of hori- 
zontal amplifier to change length of displayed 
trace. 


AMPL CAL (LOW LEVEL) control. Adjusts 
calibration of amplitude amplifier for signals 
displayed on lower half of CRT screen. Re- 
fer to Section III, Paragraph 3-7. 


BW (kHz) switch. Selects bandwidth passed 
by the reference and test channels. This 
allows decreasing bandwidth when necessary 
to filter noise from the display. 


INTENSITY control. 
the trace. 


Controls brightness of 


FOCUS control. 
the trace. 


Controls the sharpness of 


Figure 3-1. 


BW (KHz) 


MODE switch. Selects AMPL (amplitude), 
PHASE, or both amplitude and phase (DUAL) 
to display on screen. When both amplitude 
and phase are displayed, the amplitude trace 
is brighter than the phase trace for easy 
identification. 


@ puss OFFSET polarity switch, From zero 


0 
10) 


degrees, offset is selected either in the nega- 
tive or positive direction up to 180 degrees. 
The polarity switch selects the direction from 
zero and works in connection with the DEGREES 
switch to select offset. 


AMPL DB/DIV. switch. Selects the calibrated 
resolution of the test channel amplitude display. 


PHASE OFFSET DEGREES switch. Selects 
offset in 20-degree steps. The switch works 
in conjunction with the PHASE OFFSET 
polarity switch to select up to 180 degrees in 
either the positive or negative direction from 
zero degrees. The phase offset plus the dis- 
play reading gives the measured phase reading. 


PHASE DEG/DIV. switch. Selects the cali- 
brated resolution of phase display. 
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REAR PANEL 


[Lp] HEWLETT-PACKARD 


SWEEP IN 


(10 MV/DEG) 
La 


Z AXIS 
(MARKER) 


BLANKING 
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SERIAL 


Mainframe interface connector J1. Makes all 
necessary connections with 8407A or 8410A 
mainframe. 


Fuse holder. 
from mainframe. 
blow. 


Fuse protection in 175 Vac line 
Fuse is 1/8 ampere slow 


BLANKING connector J6. Input for blanking 
signal from sweeper. The signal blanks the 
trace during sweeper retrace (-4V blanks, 
OV unblanked). 


Z-AXIS connector J5. Marker input to Z-axis 
that intensity modulates the trace, placing a 
bright dot on the trace at the selected marker 
frequency with HP Model 8690A/B. The input 
can both mark and blank (-5V intensifies, +5V 
blanks). 


PHASE (10 MV/DEG) connector J4. Voltage 
output is proportional to the phase angle of the 
test signal compared to the reference signal. 
Output is 10 mV/degree positive voltage for 
phase angles of 0 to +180 degrees andnegative 
voltage for angles of 0 to -180 degrees. 


Figure 3-2. 


6 
7) 


VERT POS Control. Zeroes phase and ampli- 
tude traces vertically. Refer to Section III, 
Paragraph 3-8. 


AMPLITUDE (50 MV/DB) connector J3. De- 
pending on the transducer used on the unit 
under test, the voltage output is proportional 
to the amplitude ratio of: 


) [2016815 Wrusr/ Vane) | 
(2) [20 108, 4 Oppst/ REF) | Or 
(3) [20 1084 9(VRETURN/ ee ere | : 


TRACE ALIGN Control. Used to align CRT 
trace to the horizontal graticule. Adjustment 
should be performed with sweep oscillator set 
for minimum sweep width. 


Refer to Section III paragraph 3-9. 


SWEEP IN connector J2. Input for sweeper 
signal that goes to horizontal (x-axis) am- 
plifier. 
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NETWORK ANALYZER 


SWEEP OSCILLATOR A 8407A 8412A 
8601A 

(0.1 TO 110MHz) 

OR 8690B/8698B 

(0.4 TO 110MHz) 


VTO OUT 


BLANKING ee ae 
MARKER 
(8690B ONLY) 


POWER SPLITTER 


NOTE: POWER SPLITTER AND INTERCONNECTION CABLES 
ARE PART OF ACCESSORY KIT HP 11651 


Figure 3-3. Typical Transmission Test Setup Using 8407A/8412A 


NETWORK ANALYZER 
8407A 8412A 


SWEEP OSCILLATOR 
8601A (0.1 TO 110 MHz) OR 
8690B/8698B (0.4 TO 110 MHz) ate 
D aa ou 


BLANKING aes] 
MARKER 
(8690B ONLY) 


BLANKING 


Z AXIS 
(MARKER 


POWER 


SPLITTER DIRECTIONAL 


mm BRIDGE UNIT UNDER TEST 


as aaa 50-OHM 
TERMINATION 
I 
I 
I 
| 


\ = == ={0 SHORT FOR CALIBRATION 


NOTE: POWER SPLITTER,DIRECTIONAL BRIDGE AND 
INTERCONNECTING CABLES ARE PART OF 
ACCESSORY KIT HP 11652 


Figure 3-4. Typical Reflection Test Setup Using 8407A/8412A System 
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| cioteeteateatentententantentententententententententectententententantententetanten 


NETWORK ANALYZER 
8410A 8412A 


SWEEP OSCILLATOR 
0.11 TO 12.4 GHz 


SWEEP REF OUT 


BLANKING BLANKING 


Z AXIS 

MARKERS (MARKERS) 
SWEEP 
IN 


ALTERNATE CONNECTIONS 


UNIT UNDER 
TRANSMISSION TEST 
TRANSDUCER 
8740A 


8411A 


TEST 


UNIT UNDER 
TEST 


FRONT PANEL PORTS 


te) 


RF 
INPUT 


TRANSDUCER 
8743A OR 8745A 


Figure 3-5. Typical Transmission Test Setup Using 8410A/8411A/8412A System 
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NETWORK ANALYZER 
8410A = 


SWEEP OSCILLATOR 


0.11 TO 12.4 GHz rer 
OUTPUT 
BLANKING BLANKING 
Z AXIS 
MARKER (MARKERS) 


RF SWEEP 
OUT IN 


8411A 
UNIT UNDER 
TEST 


REF TEST 
fm Imi 50-OHM 
ik uy MAIN TERMINATION 
REF TEST LINE 
RF OUTPUT 
INPUT wy, e PORT 
=| E ~ 


TRANSDUCER 
8741A, 8742A, 8743A, OR 8745A 


ao SHORT FOR 
Uo CALIBRATION 


Figure 3-6. Typical Reflection Test Setup Using 8410A/8411A/8412A System 
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SECTION IV 
PRINCIPLES OF OPERATION 


4-1. GENERAL. 


4-2. The Model 8412A Phase-Magnitude Display 
detects and displays magnitude and phase differences 
inherent in the RF input signals to the mainframe. 
This is accomplished by detecting the 278 kHz IF test 
and reference signals, multiplexing them into the 
vertical amplifier, and displaying the relative mag- 
nitude and phase on two separate traces on the CRT. 


4-3. Inputs on the rear panel are provided for 
blanking and frequency marking of the CRT trace. 
Outputs allow display on an external recorder or 
oscilloscope. The horizontal Sweep is driven by a 
de voltage vs. frequency sweep signal from the 
external sweep oscillator. Asimplified block diagram 
of the 8412A is shown in Figure 4-1. A more detailed 
theory of operationis presented in Section VII opposite 
the individual schematic diagrams. 


4-4. SIMPLIFIED BLOCK DIAGRAM 
DESCRIPTION. 


4-5. As shown in Figure 4-1, RF input signals from 
a unit under test are converted to 278 kHz IF signals 
by the HP 8407A or 8410A Network Analyzer main- 
frame then applied to the 8412A plug-in display. The 
network analyzer mainframe also supplies dual chan- 
nel automatic gain control (AGC) so that only the test 
channel amplitude need be measured to effectively 
measure the test-to-reference amplitude ratio. 


4-6. The test channel is separated into two signal 
channels in the mainframe, the test phase signal and 
the test amplitude signal. The test phase signal is 
amplified and limited in the 8412A test channel amplifier 
A9. Two functions are accomplished; (1) avery fast zero 
crossing is obtained whichis used for phase measure- 
ment, and (2) a square-wave constant-amplitude signal 
is obtained which is used for the drive signal in the 
amplitude detector. The second test channel input, 
the test amplitude signal, is amplified then detected 
in amplitude synchronous detector A10, using the 
drive from A9. The detected amplitude signalis con- 
verted in amplitude-channel log converter A7 to a 
logarithmic signal read in decibels. The logarithmic 
amplitude information is then multiplexed together 
with the phase information in multiplexer A3 and dis- 
played on the CRT. 


4-7. The reference phase channel passes through 
phase offset A2. The output of phase offset A2 is 
applied to phase detector Al where itis compared 
with the test channel phase signalfrom A9. The phase 
information at the output of the phase detector is 
applied to multiplexer-deflection amplifier A3 along 
with the amplitude information. Multiplexer-deflection 
amplifier A3 time-multiplexes the phase andamplitude 
signals to the CRT where they are displayed. 


4-8. The network analyzer mainframe (8407A or 
8410A) also supplies +20 Vde and 175 Vac to the 
8412A. The high-voltage power supply A5 and high- 
voltage rectifier A6 convert plus and minus 20 Vdc to 
-3000 Vdcfor the CRT. Low-voltage power supply A8 
converts the 175 Vac to +6 Vdc and 135 Vdc for other 
circuit requirements within the instrument. 
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EEE 


278kHz 
REFERENCE | 
PHASE ae 
FROM MAIN 


278 KHz 

TEST CHANNE§ 
PHASE SIGN 
FROM MAINA 


278 kHz 
TEST CHANNE 
AMPLITUDE + 
SIGNAL FRO} 
MAINFRAME | 


| 
| 
} 
| 


PO 


MAINFRA 


FRFocus |] OC. 
on 


POWER SUPPLIES 


6 VAC CRT FILAMENT 


Section IV 


PHASE | 
| (10 mV/DEG) | 


AMPLITUDE | 
50 mVidB 
=i} 


Figure 4-1. Model 8412A Simplified Block Diagram 
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G) HORIZ GAIN 


CRT DISPLAY 


poe ae : X-AXIS H 
SWEEP IN 5 AMPLIFIER 
_EO)|_DEGREES 
278 kHz ee 
REFERENCE REFERENCE __-O[T= PHASE OFFSET 
CHANNEL PHASE 

PHASE SIGNAL OFFSET 
FROM MAINFRAME 

© [PHASE DEG/cm 

/ 

/ 
/ 

278 kHz pose _ 
TEST CHANNEL TEST CHANNEL PHASE | PHASE 
PHASE SIGNAL PHASE DETECTOR | (10 mV/DEG) 
FROM MAINFRAME LIMITERS 2 ot Te 1 en Ra a ee ew 6 re ee a ee 0 ee 

NY 

Q BW (kHz) 

\ 
\ 
x 
278 kHz 
AMPLITUDE AMPLITUDE et SE Si ae Fie a te , 

Peat CHANNEL CHANNEL | AMPLITUDE ! 
SIGNAL FROM SYNCHRONOUS LOG | 50 mVidB 
CONFER: ; DETECTOR CONVERTER : 


vA \ 
/ \ 
CG) [AML CAL (LOW LEVED ©) [AMPL aBiIV 
Pncay eeu E Z-AXIS 
| BLANKING | AMPLIFIER 
r= eS ‘——"} 
eZ AX Siee 
| (MARKER) ! 
ee VDC 
POWER 
FROM a Sa FOCUS Q 
MAINFRAME ‘<_ | POWER SUPPLIES 
+6 VDC 


-3000 VDC 
6 VAC CRT FILAMENT 


ee IS VAC INTENSITY | Qui__ ieee 


Figure 4-1. Model 8412A Simplified Block Diagram 
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SECTION V 
MAINTENANCE 


5-1. INTRODUCTION. 


5-2. This section provides instructions for perfor- 
mance testing, calibration, and troubleshooting of the 
HP 8412A Phase-Magnitude Display. Test equipment 
required for these procedures is listed in Table 5-2. 
If the test equipment recommended is not available, 
other equipment may be used if its performance meets 
the "Critical Specifications" listed in the table. 


5-3. PRINTED CIRCUIT BOARD EXCHANGE. 


5-4. The 8412A is unique in that the printed circuit 
boards of the instrument have been carefully designed 
tobe independent of each other sothat problems canbe 
easily isolated to the board level. HP encourages the 
use of the troubleshooting tree in Section VII for iso- 
lating problems to the board level and has made 
rebuilt-exchange printed circuit boards available to 
complement this repair approach. The rebuilt- 
exchange boards are available at a much reduced cost 
from a new board. The lower price is dependent on 
the return of the defective board to HP. A replace- 
ment board should be ordered by the rebuilt-exchange 
stock number listed in Table 5-1. The board can be 
ordered through the nearest Hewlett-Packard Sales 
and Service office listed in the back of this manual. 
The exchange board will immediately be sent directly 
from our stock of service parts. Upon receiving the 
replacement board, the faulty board should be returned 
in the same special carton in which the newboard was 
received. Do not return a defective board to HP until 
the replacement board has been received. 


5-5. Ifadefective exchange board will not be returned 
to HP and the ordered board is for spare parts stock, 
etc. , a new board should be ordered, using the new- 
assembly stock number listed in Table 5-1 or 6-1. 


5-6. MAINTENANCE PRECAUTIONS. 
WARNING 


Voltages greater than 1000 Volts are present 
at the CRT and in assemblies A5 and A6. 
These voltages could cause injury to per- 
sonnel. 

CAUTION 


When replacing bottom covers, do not ex- 
ceed screw strength. 


5-7. PERFORMANCE TESTS. 


5-8. The procedures in Table 5-3 and 5-4 test the 
performance of the 8412A. These procedures may be 
used during incoming inspection, periodic evaluation, 
or after repair or alignment. The test may be per- 
formed without access to the instrument interior. The 


specifications of Table 1-1 are the performance 
standards. 


5-9. Two similar procedures are presented, onefor 
the 8407A mainframe (Table 5-3) and one for the 8410A 
mainframe (Table 5-4). The two procedures differ 
only because of the differences in operation between 
the two mainframes. 


5-10. ALIGNMENT PROCEDURES. 


5-11. Alignment procedures are given in Table 5-6 
and 5-7. These procedures should not be performed 
as a routine maintenance procedure but should be used 
(1) after replacement of a part or component, (2) when 
the performance test shows that the specifications of 
Table 1-1 cannot be met, or (3) when instructed to do 
so in the troubleshooting tree (Figure 7-4). Before 
attempting any adjustment, allow 30 minutes warm-up 
time for the 8412A and mainframe. 


5-12. Table 5-2 lists the test equipment required for 
alignment, Table 5-4 lists the alignment controls, and 
Figure 5-3 shows the location of the controls. 


5-13. TROUBLESHOOTING. 


5-14. The troubleshooting procedures are given in 
Figure 7-4. They should be performed in the order 
given, Since each step presumes the proper readout 
in preceding steps. The troubleshooting tree should 
isolate trouble to a defective printed circuit board or 
chassis-mounted part. If further fault isolation isde- 
sired, use the individual schematic diagram for the 
defective board and troubleshoot, using the waveforms 
and voltages on the schematic diagram. The trouble- 
shooting tree assumes that chassis wiring and cabling 
is not defective. If this type of trouble occurs, use 
standard troubleshooting techniques to locate trouble. 


5-15. SELECTED COMPONENTS. 


5-16. Some component values are selected during 
manufacturing in order to achieve a desired circuit 
performance. The typical value used in a circuit is 
shown on the schematic, along with a star after the 
value. These components are listed in the parts list 
as "factory selected". 


5-17. In the 8412A only A5R2 is factory selected. A 
change in this value changes the acceleration voltage 
to the CRT. If the vertical amplifier in A3 cannot de- 
flect thetraceto thetop and bottom of the CRT screen, 
the value of A5R2 may be increased up to a maximum 
of 85K ohm. Conversely, the value of A5R2 may be 
decreased to 21K ohm minimum, depending on the 
vertical deflection of the CRT trace. 
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Table 5-1. Rebuilt-Exchange Assembly Stock Numbers 


Assembly New Stock No. Rebuilt- Exchange Stock No. 


Al Phase Detector 08412-60001 08412-60030 
A2 Phase Offset 08412-60002 08412-60031 


A3 Multiplexer/Deflection Amp. 08412-60003 08412-60032 


A4 Function Switch 08412-60011 08412 -60044 
A4A1 Switch Assembly 08412-60012 08412 -60045 


A5 HV Power Supply 08412-60005 08412-60034 
A6 HV Rectifier 08412-60006 08412-60035 
AT Log Converter 08412-60007 08412-60036 
A8 LV Power Supply 08412-60008 08412-60037 
A9 Test Channel Amp. 08412-60009 08412-60038 


A10 Synch. Detector 08412-60010 08412-60039 


Table 5-2. Recommended Test Equipment 


Recommended 
Instrument Critical Specifications HP Model 


Dual-trace Vertical Amplifier: Dual trace 180A/1801A/1820A 
Oscilloscope Bandwidth: 20 MHz minimum 

with 10 pF 10:1 Horizontal Sweep Rate: 0.2 uS/cm. 

probes Vertical Sensitivity: 5mV/cm 


DC Digital Accuracy: 0.05% 3439A /3443A 
Voltmeter Input Impedance: 10 megohms min. 

Automatic Range Selection: Range to 

150V 


Power Supply Output: +5 Vdc at 50mA 721A 


DC Voltmeter Range: 4000 Vdc 410C with 11044A high 
with High Current Drain: 2.5 uA maximum voltage probe. 


Voltage Probe Accuracy: +5% 


Service Cable 08410-6032 
(Supplied with 
8407A & 8410A) 


Network Analyzer 8407A 


11651A Includes 50 ohm power splitter and two 11651A 
Transmission matched, double shielded cables. 
Kit 
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Table 5-2. 


Instrument 


Sweep Oscillator 


Network Analyzer 


with Harmonic 
Frequency 
Converter 


Sweep Oscillator 


Transducer 
(Power Splitter) 


SWEEP OSCILLATOR 8601A 
0.170 110 MHz 


VTO OUTPUT VTO IN 8407A 8412A 
DIRECT 
REF pawommorrroror -- 
CHANNEDS | Gee Seem eaeeere greene ter = ATTN)» 
TEST 
CHANNEL 
RF OUT DIRECT 
{ | PHASE 
1 10 MV/ DEGREE 
HORIZ | 
TEST SWEEP AMPL 
CHAN INPUT 1 ry 8 MV/DB 
OUTPUT | OUTPUT 
beat 
POWER 1 | 
SPLITTER a 
| - STEP ATTENUATOR 
| I 
asc 


DUAL-TRACE 
OSCILLOSCOPE 


VERTICAL 
INPUTS 


Figure 5-1. 


Recommended Test Equipment (Contd) 


Critical Specifications 


Range: 0.1 to 110 MHz (any part) 
RF Output: +20 dBm 

VTO Output: Tracks 200 MHz from 
RF Output signal. 


USED WITH 8410A MAINFRAME ONLY 


Range: 0.11 to 12.4 GHz (any part) 
RF Output: 25mW into 50 ohm 
Sweep Width: One Octave min. 


Impedance: 50 ohms 


NETWORK ANALYZER 


Section V 


Recommended 
HP Model 


8601A 

(0. 1 to 110 MHz) 
8690B /8698B 
(0.4 to 110 MHz) 


8410A/8411A 


8690B/8699B 
(0.1 to 4 GHz) 
8690B/8693A 
(4 to 8 GHz) 
8690B/8694A 
(8 to 12.4 GHz) 


8740A (dc to 12.4 GHz) 
8741A (0.11 to 2 GHz) 
8742A (2 to 12.4 GHz) 
8743A (2 to 12.4 GHz) 
8745A (0.1 to 2 GHz) 


DIGITAL VOLTMETER 


Equipment Setup for Performance Test with 8407A Mainframe 
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Table 5-3. Performance Test with 8407A Mainframe (Sheet 1 of 6) 


STEP DESCRIPTION AND PROCEDURE 


INITIAL SETUP 

SPECIFICATIONS: General operation. 

DESCRIPTION: Set up and adjust instrument for amplitude and phase trace on CRT. 
PROCEDURE: 


Connect equipment as shown in Figure 5-1. Set sweep oscillator for swept mode with sweep 
width of 10 kHz or less. Set the 8407A AMPL VERNIER to midrange, set DISPLAY 
REFERENCE CAL controls for zero dB at top DISPLAY REFERENCE switch position, and 
set DISPLAY REFERENCE switches to +10 dB. (One step down from top on 10 dB/step 
switch and top position on 1 dB/step switch.) Set 8407A REF CHANNEL LEVEL RANGE 
switch to the middle position. Adjust sweep oscillator RF output for REF CHAN LEVEL 
meter indication at the top of the OPERATE range. If UNCAL REDUCE INPUT RATIO 
light comes on, reduce sweep oscillator RF power or change position of REF CHAN LEVEL 
range switch to a lower position to cause the light to go out. 


The 278 kHz sine wave signal from the 8407A IF TEST OUTPUT should be >0.07V p-p 
and the IF REF OUTPUT should be >1.0V p-p on oscilloscope. 


Set 8412A MODE switch to DUAL, AMPL DB/DIV switch to 10, PHASE DEG/DIV switch to 
90, PHASE switch to +, DEGREES switch to 100, and BW (kHz) switch to 10. Set 8407A 
DISPLAY REFERENCE 10 dB/step control to +40 dB position. Both amplitude and phase 
traces should be displayed across 8412A CRT. Adjust the HORIZ POSITION and HORIZ 
GAIN controls so that the ends of the trace are at the two edge graticules. Adjust 8412A 
FOCUS control and both traces should be in good focus. The amplitude trace should be 
brighter than the phase trace. 


TRACE ALIGN 
SPECIFICATIONS: General operation. 


DESCRIPTION: Check that CRT circuits are properly aligned by adjusting trace to superimpose 
center graticule line. 


PROCEDURE: 
Set 8412A MODE switch to AMPL. Adjust 8407A AMPL VERNIER and DISPLAY REF- 
ERENCE 1 dB/step controls to superimpose the amplitude trace over the center horizontal 


graticule. The trace should align with the graticule within 1 mm of the trace except at the 
very end points. 


AMPLITUDE TEST 


SPECIFICATIONS: +.03 dB/dB and +0.05 division/division; auxiliary output +.03 dB/dB. 


DESCRIPTION: The accuracy of the rear panel output is checked then the CRT amplitude trace 
is checked through the 80 dB amplitude range. All of the amplitude resolution ranges are 
then checked for calibration. 


PROCEDURE: 


Connect digital voltmeter (DVM) to 8412A AMPL 50 MV/DB rear-panel output. Set sweep 
oscillator for single-frequency CW operation. Adjust 8407A DISPLAY REFERENCE 

1 dB/step and AMPL VERNIER control for 0.000 Vdc on DVM. Check DVM readout at 
8407A DISPLAY REFERENCE 10 dB/step control settings listed in table on following 
page. If necessary, adjust 8412A front panel AMPL CAL (LOW LEVEL) control for 

DVM indication within tolerance at positions of +40 to +80 dB on 8407A DISPLAY 
REFERENCE control. 
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Table 5-3. Performance Test with 8407A Mainframe (Sheet 2 of 6) 


STEP DESCRIPTION AND PROCEDURE 


3. 
(Contd) 8407A DISPLAY REFERENCE 
10 dB/step 
(Top Switch Position is 


Digital 
Voltmeter 


zero dB) Reading 


H ot oH H H oH He HH 


Set sweep oscillator for swept mode with sweep width of 10 kHz or less. Set 8407A 
DISPLAY REFERENCE 10 dB/step control to +40 dB. Set MODE switch to AMPL. Adjust 
8407 AMPL VERNIER for the trace superimposed on the center graticule line. Check 
trace position at 8407A DISPLAY REFERENCE 10 dB/step control settings listed in 

table below. If necessary, adjust 8412A front panel AMPL CAL (LOW LEVEL) control 
for CRT trace within tolerance at positions of +40 to +80 dB on 8407A DISPLAY 
REFERENCE control. 


8407A DISPLAY REFERENCE 
10 dB/step 
(Top Switch Position is 
zero dB) 


Tolerance of 8412A 
Trace To Major 
Graticule Division 


Set 8407A DISPLAY REFERENCE 10 dB/step control to +40 dB and set 8412A AMPL 
DB/DIV switch to 2.5. Adjust 8407A AMPL VERNIER to superimpose the trace on the 
center CRT graticule. Change 8407A DISPLAY REFERENCE 10 dB/step control to 
+30 dB position. The 8412A trace should move up four major graticule divisions +0.5 
small graticule division. 


Set 8412A AMPL DB/DIV switch to 1.0 and set 8407A DISPLAY REFERENCE 10 dB/step 
control to +40 dB. If necessary, readjust 8407A AMPL VERNIER to superimpose the 
trace on the center CRT graticule. Change 8407A DISPLAY REFERENCE 1 dB/step 
control to +1 dB. The 8412A trace should move down one major division. 
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Table 5-3. Performance Test with 8407A Mainframe (Sheet 3 of 6) 


STEP DESCRIPTION AND PROCEDURE 


. Set 8412A AMPL DB/DIV switch to 0.25 position. Set 8407A DISPLAY REFERENCE 
ea 1 dB/step control to zero and 10 dB/step control to 40. Adjust 8407A AMPL VERNIER 
control to place the amplitude trace on the middle CRT graticule. Change the 8407A 
DISPLAY REFERENCE 1 dB/step control to +1 dB and 8412A trace should move down 


four major graticule divisions + one small division. 


PHASE TEST 


SPECIFICATIONS: +.015 degrees/degree +.05 divisions/division, <3 degrees cumulative; 
auxiliary output +.015 degree/degree. 


DESCRIPTION: The accuracy of the rear panel output is checked, then the CRT trace is 
checked through 360 degrees. All of the phase resolution ranges are then checked 
for calibration. 


PROCEDURE: 


a. Set sweep oscillator to single-frequency (CW) operation. Connect DVM to PHASE 
10 MV/DEG connector at rear panel of 8412A. On 8412A, set MODE switch to PHASE, 
PHASE DEG/DIV switch to 90, and DEGREES switch to zero. Set 8407A DISPLAY 
REFERENCE CONTROLS for an on-screen amplitude display. Adjust 8407A PHASE 
VERNIER control to obtain .000 Volt on DVM. Set PHASE DEG/DIV switch to 1. Adjust 
sweep oscillator RF output for the smallest phase dot on 8412A screen (best signal to 
noise ratio). The 8407A REFERENCE CHANNEL LEVEL meter should indicate near the 
top of the OPERATE range. 


Set 8412A DEGREES switch to 180 and PHASE DEG/DIV switch to 90. Set PHASE switch 
from positive to negative. The dot on the 8412A should be erratic, showing a thin vertical 
line. Adjust 8407A PHASE VERNIER slightly back and forth from in-phase position and 
observe trace dot become distinct on either side of in-phase condition. 


Set 8412A DEGREES switch to zero. Make slight adjustment of 8407A PHASE VERNIER 
for 0.000 DVM indication. Set PHASE switch from positive (+) to negative (-) and DVM 
should indicate .000 Volt + .003 Volt in both positions. 


Set PHASE switch to positive position. Set DEGREES switch to positions shown in table 


below and obtain DVM indication as shown. Set PHASE switch to negative (-) position 
and recheck DVM indication at each position of DEGREES switch. 


DEGREES Setting DVM Indication 


HoH HR oH H oH H HE 
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Table 5-3. Performance Test with 8407A Mainframe (Sheet 4 of 6) 


STEP DESCRIPTION AND PROCEDURE 


e. Set sweep oscillator for swept mode with sweep width of 10 kHz or less. Set DEGREES 
switch to each switch position and note the phase trace movement. It should change by 
two large graticules for 180 degree offset. (Each small division is 18 degrees. ) 


Set PHASE DEG/DIV switch to 45. Change DEGREES switch by 180 degrees and phase 
trace should move four large graticule divisions. 


Set PHASE DEG/DIV switch to 10. Change DEGREES switch by 20 degrees and phase 
dot should move two major graticule divisions. 


Check the 1 DEG/DIV range of the phase circuit by comparing its accuracy to the 
10 DEG/DIV range asfollows. Set DEGREES switch to zero and PHASE DEG/DIV switch 
to 10. Adjust the 8407A PHASE VERNIER to place the trace two small graticule lines 

below the center graticule line. Set PHASE DEG/DIV switch to 1 and trace should move 
to the bottom graticule line. 


BANDWIDTH SWITCH TEST 


SPECIFICATIONS: General operation. 


DESCRIPTION: The change in frequency response is observed on the CRT trace when a 
low-pass filter is connected in both channels. 


PROCEDURE: 


Set signal source for swept mode with sweep width of 10 kHz or less. Set 8407A 
DISPLAY REFERENCE controls to +40 dB. Set 8412A MODE switch to DUAL, AMPL 
DB/DIV switch to 0.25, PHASE DEG/DIV to 1, PHASE polarity switch to positive (+), 
DEGREES switch to zero, and BW (kHz) switch to 10. Adjust 8407A AMPL VERNIER 
and DISPLAY REFERENCE 1 dB/step switch to place amplitude trace on screen. Both 
phase and amplitude traces should be on 8412A and both traces should be jagged, 
showing normal noise on test channel. Set BW (kHz) switch to 0. 1 and both amplitude 
and phase trace should change to continuous smooth traces due to the low-pass filter 
connected across the amplifier inputs. 


BLANKING TEST 


SPECIFICATIONS: General operation. 


DESCRIPTION: A voltage simulating a blanking pulse is applied to the rear-panel blanking 
input and the CRT trace should blank. 
PROCEDURE: 


Connect a -4 Vdc supply to 8412A rear-panel BLANKING connector and -4 Vdc return to 
ground. The traces should be blanked. Disconnect -4 Vdc supply. 


Z-AXIS MODULATION TEST 


SPECIFICATION: General operation. 


DESCRIPTION: Voltages simulating marker or blanking pulses are applied to the rear-panel 
Z-AXIS input and the CRT trace intensifies or blanks. 


PROCEDURE: 


a. Connect a -5 Vdc supply to 8412A rear-panel Z-AXIS connector and -5 Vdc return to 
ground. The traces should intensify. 


b. Connect +5 Vdc to 8412A rear-panel Z-AXIS connector and +5 Vdc return to ground. 
The traces should blank. 
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Table 5-3. Performance Test with 8407A Mainframe (Sheet 5 of 6) 


STEP DESCRIPTION AND PROCEDURE 


PHASE CHANGE DUE TO AMPLITUDE CHANGE 
SPECIFICATION: 


a. Over upper 70 dB amplitude range: <1°/10 dB, maximum phase change not to exceed 4°. 


b. Over full 80 dB amplitude range: Maximum phase change not to exceed 6°. 


NOTE 


Phase error due to amplitude change in the Model 8412A can not be 

- measured accurately independent of the phase error contributed by 
the Model 8407A. Therefore, this test measures the combined phase 
error of the Models 8407A and 8412A. A test procedure starting at 
step (j) explains how to measure error contributed by 8407A. 


DESCRIPTION: Test channel power is varied in 10 dB steps while observing the 8412A 
phase indication. 


PROCEDURE: 


Connect equipment as shown on page 5-3, Figure 5-1, with reference input signal 
to REF CHANNEL DIRECT (0-120 dB attenuator not used). 


Set 8407A REF CHANNEL LEVEL switch to middle position. 


Set sweep oscillator for narrowest possible sweep and output level for about 
20 mV peak-to-peak at 8407A input. 


Set 8407A 10 dB/step DISPLAY REFERENCE switch to top position. Set DISPLAY 
REFERENCE CAL thumbwheel for 0 dB. 


Set 8412A MODE switch to AMPL and AMPL dB/DIV to 10. 

Adjust 8407A 1 dB/step DISPLAY REFERENCE switch and amplitude vernier for 
amplitude trace across top graticule line of 8412A display. If 8412A input signal 
level is set too high initially, excessive phase error will occur when signal level 
is decreased. 


Set 8412A BW (kHz) switch to 0.1 and MODE switch to PHASE. 


Adjust 8412A PHASE OFFSET and 8407A PHASE VERNIER controls for a center 
screen phase trace on the 1 degree/division range. 


NOTE 


Although the 8412A phase error cannot be accurately measured 
independent of the phase error contributed by the Model 8407A, 
a qualitative indication can be obtained as follows: 


(1) Connect a dual trace oscilloscope to the 8407A rear-panel 
IF REF and IF TEST outputs. 
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Table 5-3. Performance Test with 8407A Mainframe (Sheet 6 of 6) 


STEP DESCRIPTION AND PROCEDURE 


8. Adjust oscilloscope and 8407A PHASE VERNIER 

(Contd) control to superimpose one waveform on the other. 
Expand one cycle of trace so that the zero degree point 
on the sine wave is at the left edge, the 180 degree 
point is at the center, and the 360° point is at the right 
edge of the graticule (Figure 5-la, Waveform A). 
(With an oscilloscope having 10 cm graticule width, 
each cm is 36 degrees. ) Expand the oscilloscope 
waveform horizontally by a factor of ten so that each 
cm represents 3.6 degrees. Adjust oscilloscope to 
position the center of the waveform on the screen 
(Figure 5-la, Waveform B). 


Observe the oscilloscope display as the 8407A DISPLAY 
REFERENCE switch is changed. Any phase shift observed 

on the oscilloscope is due to 8407A phase error. On low level 
test channel signals the oscilloscope display approaches a 
horizontal line; however, a small ringing appears on the test 
channel waveform. This ringing can be observed for horizontal 
movement down to the lasttwo 8407A DISPLAY REFERENCE 
switch positions. 


Change the 8407A DISPLAY REFERENCE switch from 0 to 80 dB. The 8412A phase 
indication should not vary more than 1.0 degree/10 dB step or more than 4 degrees over 
the upper 70 dB amplitude range. The phase indication should not vary more than 6 degrees 
over the full 80 dB amplitude range. 


To measure that part of the error contributed by the 8407A phase change with amplitude 
change, use the following procedure. 


Connect equipment as shown in Figure 5-1. Connect the Reference channel input to the 
8407A REF CHANNEL ATTEN input. Connect the step attenuator betweenthe power splitter 
and the 8407A TEST CHANNEL DIRECT input. Set the 0-120 dB attenuator to 80 dB. Set 
the 8407A REF CHAN LEVEL ADJ switch to the middle position. 


Set the 8407A DISPLAY REFERENCE 10 dB/step switch to the top position and adjust 
the DISPLAY REFERENCE CAL thumbwheel for 0. 


Set the sweep oscillator for minimum sweep width at any frequency in the 8407A operating 
range. Adjust RF output level for maximum power out or until the 8407A REF CHAN LEVEL 
meter indication is slightly above theoperate region, whichever comes first. 


Adjust the display unit PHASE OF FSET and 8407A PHASE VERNIER for a zero degree 
phase reference on the display unit. 

Check each DISPLAY REFERENCE 10 dB step as follows: 

(1) Set the DISPLAY REFERENCE 10 dB/step switch one position down. 

(2) Observe the phase shift indication of the display unit and record. 


(3) Increase the test channel input power by 10 dB by removing 10 dB from the step 
attenuator at the test channel input. Adjust the PHASE VERNIER for a zero 
degree phase indication. 


(4) Repeat the above steps to check the remaining 10 dB/step positions. Readings 
recorded are phase changes with amplitude change of the 8407A. 


NOTE 


The 8407A REDUCE INPUT RATIO light may come on at high test 
channel input levels. If so, reduce the sweep oscillator output 
power to extinguish the light. 
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Waveform A Waveform B 


Oscilloscope trace of one 278 kHz sine- Trace A expanded horizontally and 
wave cycle showing in-phase condition vertically x 10. (Horizontal scale is 
with channel A superimposed on chan- 3.6 degrees/cm. ) 

nel B. (Horizontal scale is 36 degrees/ 


cm 


Figure 5-la. Oscilloscope Display of In-phase 
IF Outputs. 
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Figure 5-2, Equipment Setup for Performance Test with 8410A Mainframe 
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Table 5-4. Performance Test with 8410A Mainframe (Sheet 1 of 5) 


STEP DESCRIPTION AND PROCEDURE 


INTIAL SETUP 

SPECIFICATIONS: General operation. 

DESCRIPTION: Set up and adjust instrument for amplitude and phase trace on CRT. 
PROCEDURE: 


Connect equipment as shown in Figure 5-2. Set sweep oscillator for swept mode over the 
narrowest band possible. Set the 8410A AMPL VERNIER to midrange. Adjust 8410A SWEEP 
STABILITY control and sweep oscillator RF output for REF CHANNEL meter indication in the 
middle of the OPERATE range. 


While observing oscilloscope, adjust 8410A AMPLITUDE TEST CHANNEL GAIN to obtain 
316 mV p-p from 8410A TEST CHAN OUTPUT. 


Set 8412A MODE switch to DUAL, AMPL DB/DIV switch to 10, PHASE DEG/DIV switch 
to 90, PHASE switch to (+), DEGREES switch to 100, and BW (KHz) switch to 10. Set 
8410A AMPLITUDE TEST CHANNEL GAIN 10 dB/step control to 20 dB. Both amplitude 
and phase traces should be displayed across 8412A CRT. If necessary, adjust transducer 
REFERENCE PLANE EXTENSION to obtain horizontal phase trace. Adjust 8412A FOCUS 
control and both traces should be in good focus. The amplitude trace should be brighter 
than the phase trace. 


TRACE ALIGN 
SPECIFICATIONS: General operation. 


DESCRIPTION: Check that CRT circuits are properly aligned by adjusting trace to 
superimpose center graticule line. 


PROCEDURE: 


Set 8412A MODE switch to AMPL. Adjust 8410A AMPL VERNIER control to superimpose 
the amplitude trace over the center horizontal graticule. The trace should align with the 
graticule within 1mm of the trace. 


AMPLITUDE TEST 
SPECIFICATIONS: +.03 dB/dB and +.05 division/division; auxiliary outputs +.03 dB/dB. 
DESCRIPTION: The accuracy of the rear panel output is checked then the CRT trace is 


checked through the 60 dB amplitude range. All of the amplitude resolution ranges 
are then checked for calibration. 


PROCEDURE: 


Connect digital voltmeter (DVM) to 8412A AMPL 50 mV/GB rear-panel output. Set 
signal source for single-frequency CW operation. Adjust 8410A AMPL VERNIER 
control for0.000 Vdc on DVM. Check DVM readout at AMPLITUDE TEST CHANNEL 
GAIN control settings listed in table on following page. If necessary, adjust 8412A 
front panel AMPL CAL (LOW LEVEL) control at zero and 10 dB positions of 8410A 
AMPLITUDE TEST CHANNEL GAIN control for DVM indication within tolerance. 
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Table 5-4. Performance Test with 8410A Mainframe (Sheet 2 of 5) 


STEP DESCRIPTION AND PROC EDURE 


3. 
(Contd) 8410A 
Amplitude Digital 
Test Channel Voltmeter 
Gain* Reading 


Set sweep oscillator for swept mode over narrowest band possible. Set 8410A AMPLITUDE 
TEST CHANNEL GAIN 10 dB/step control to 20 dB. Set MODE switch to AMPL. Adjust 
8410 AMPL VERNIER for the trace superimposed on the center graticule line. Check 
trace position at 8410A AMPLITUDE TEST CHANNEL GAIN 10 dB/step control settings 
listed in table below. If necessary, adjust 8412A front panel AMPL CAL (LOW LEVEL) 
control for CRT trace within tolerance at positions of 10 dB and zero dB on 8410A 
AMPLITUDE TEST CHANNEL GAIN control. 


8410A 
AMPLITUDE 
TEST CHANNEL 
GAIN Setting* 


Tolerance Of 8412A 
Trace To Major 
Graticule Division 


+0.2 DIV 
+0.15 DIV 
+0.1 DIV 
+ .05 DIV 
+ .05 DIV 
+ .05 DIV 
+0.1 DIV 


Set 8410A AMPLITUDE TEST CHANNEL GAIN 10 dB/step control to 20 dB and 
set 8412A AMPL DB/DIV switch to 2.5. Adjust 8410A AMPL VERNIER for 0.000 
Volt indication on DVM. Change 8410A AMPLITUDE TEST CHANNEL GAIN 
control by +5 dB. The 8412A dot should move up two major graticule divisions 

+ 0.5 small graticule division and the DVM should indicate 250 mV +10 mV. 


Set 8412A AMPL DB/DIV switch to 1.0 and set 8410A AMPLITUDE TEST CHANNEL GAIN 
control to 20 dB.* If necessary, readjust 8410A AMPL VERNIER for 0.000 Volt on DVM. 
Change 8410A AMPLITUDE TEST CHANNEL GAIN control by + 1 dB. The 8412A dot should 
move up one major graticule division and the DVM should indicate 50 mV +5 mV. 


*1 dB/step control set at setting determined in STEP 1b. 
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Table 5-4. Performance Test with 8410A Mainframe (Sheet 3 of 5) 


STEP DESCRIPTION AND PROCEDURE 


3 e. Set 8412A AMPL DB/DIV switch to 0.25 position. Adjust 8410A AMPL VERNIER control 
and AMPLITUDE TEST CHANNEL GAIN control to place the amplitude dot on the screen. 
Change the AMPLITUDE TEST CHANNEL GAIN control by one dB and 8412A dot should 

move 4 major graticule divisions + one small division. 


PHASE TEST 


SPECIFICATIONS: +.015 degrees/degree, +.05 divisions/division; <3 degrees cumulative; 
auxiliary output +.015 degree/degree. 


DESCRIPTION: The accuracy of the rear panel output is checked, then the CRT trace is 
checked through 360 degrees. All of the phase resolution ranges are then checked 
for calibration. 


PROCEDURE: 


a. Set sweep oscillator to single-frequency (CW) operation. Connect DVM to PHASE 10 
MV/DEG connector at rear panel of 8412A. On 8412A, set MODE switch to PHASE and 
PHASE DEG/DIV switch to 90. Set 8410A PHASE VERNIER control to mid range and 
AMPLITUDE TEST CHANNEL GAIN control to 60 dB. Adjust transducer REFERENCE 
PLANE EXTENSION (line stretcher), 8410A PHASE VERNIER, and sweep oscillator 
frequency to superimpose the two sine waves on the oscilloscope, showing an in-phase 

condition at the input of the 8412A. 


Set 8412A DEGREES control to 180. Set PHASE switch from positive to negative and dot 
on the 8412A should be erratic, showing a thin vertical line. Adjust 8410A PHASE 
VERNIER slightly back and forth from in-phase position and observe trace dot become 
distinct on either side of in-phase condition. 


Set 8412A DEGREES switch to zero. Make slight adjustment of 8410A PHASE VERNIER 
for 0.000 Volt DVM indication. Set PHASE switch from positive to negative and DVM 
should indicate .000 Volt + .003 Volt in both positions. 


Set PHASE switch to positive (+) position. Set DEGREES switch to positions shown in 
table below and obtain DVM indication as shown. Set PHASE switch to negative (-) 
position and recheck DVM indication at each position of DEGREES switch. 


DEGREES Setting DVM Indication 


et et ee OS oS OS 


e. Set sweep oscillator for swept mode over narrowest band possible. Set DEGREES switch 
to each switch position and note the phase trace movement. It should change by two large 
graticules for 180 degrees offset. (Each small division is 18 degrees. ) 
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Table 5-4. Performance Test with 8410A Mainframe (Sheet 4 of 5) 


STEP DESCRIPTION AND PROCEDURE 


4. f. Set PHASE DEG/DIV switch to 45. Change DEGREES switch by 180 degrees and phase 
(Contd) trace should move four large graticule divisions. 
. Set PHASE DEG/DIV switch to 10. Change DEGREES switch by 20 degrees and phase 
trace should move two major graticule divisions. 


go 


h. Check the 1 DEG/DIV range of the phase circuit by comparing its accuracy to the 
5 DEG/DIV range as follows. Set DEGREES switch to zero and PHASE DEG/DIV switch 
to 10. Adjust the 8410A PHASE VERNIER to place the trace two small graticule lines 
below the center graticule line. Set PHASE DEG/DIV switch to 1 and trace should move 
to the bottom graticule line. 


BANDWIDTH SWITCH TEST 


SPECIFICATIONS: General operation. 


DESCRIPTION: The change in frequency response is observed on the CRT trace when a 
low-pass filter is connected in both channels. 


PROCEDURE: 


Set sweep oscillator for swept mode over narrowest band possible. Set 8410A AMPLITUDE 
TEST CHANNEL GAIN control to 20 dB. Set 8412A MODE switch to DUAL, AMPL DB/DIV 
switch to 0.25, PHASE DEG/DIV to 1.0, PHASE polarity switch to positive (+), DEGREES 
switch to zero, and BW (KHz) switch to 10. Adjust 8410A AMPL VERNIER to place 
amplitude trace on screen. Both phase and amplitude traces should be on 8412A CRT and 
both traces should be jagged, showing normal noise on test channel. Set BW (KHz) switch 
to 0.1 and the traces should change to a continuous smooth trace due to the low-pass 

filter connected across the amplifier inputs. 


BLANKING TEST 


SPECIFICATIONS: General operation. 


DESCRIPTION: A voltage simulating a blanking pulse is applied to the rear-panel blanking 
input and the CRT trace should blank. 


PROCEDURE: 


Connect a -4 Vde supply to 8412A rear-panel BLANKING connector and -4 Vdc return to 
ground. The traces should be blanked. Disconnect -4 Vdc supply. 


Z-AXIS MODULATION TEST 


SPECIFICATIONS: General operation. 


DESCRIPTION: Voltages simulating marker or blanking pulses are applied to the rear-panel 
Z-AXIS input and the CRT trace intensifies or blanks. 


PROCEDURE: 


a. Connect a -5 Vdc supply to 8412A rear-panel Z-AXIS connector and -5 Vdc return to 
ground. The traces should intensify. 


b. Connect +5 Vdc to 8412A rear-panel Z-AXIS connector and +5 Vdc return to ground. 
The traces should blank. 
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DESCRIPTION AND PROCEDURE 


PHASE CHANGE DUE TO AMPLITUDE CHANGE 


SPECIFICATIONS: 


Over upper 70 dB amplitude range: < 1°/10 dB, maximum phase change not to exceed 4°. 


Over full 80 dB amplitude range: Maximum phase change not to exceed 6°. 


‘DESCRIPTION: The phase trace is observed for change while the signal amplitude in the 
test channel is changed through the 69 dB range of the 8410A. 


NOTE 


When using the 8410A the full 80 dB range of the 
8412A cannot be checked. 


PROCEDURE: 


a. Set sweep oscillator for single-frequency (CW) operation. Set PHASE DEG/DIV switch to 
1 position. Set 8410A TEST CHANNEL GAIN controls for an on-screen amplitude display. 
Set PHASE polarity and DEGREES switches and 8410A PHASE VERNIER control to place 
the phase dot near the middle CRT graticule line. 


Adjust the 8410A TEST CHANNEL GAIN controls to zero dB. The difference between 
maximum and minimum positions of the phase dot trace should not be more than 
4 degrees through the 69 dB amplitude range of the 8410A. 
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Figure 5-3. Alignment Control Locations (Sheet 2 of 2) 
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Table 5-5. Alignment Controls 


Performance Step 


Reference 8407A 8410A 
Desig. Name Function Table 5-3 | Table 5-4 


A1R6 Phase Zero Phase offset calibration at 4-c 
zero degrees with in- 
phase input signals. 
-b 


Alignment Step 


8410A 
Table 5-7 


8407A 
Table 5-6 


A1R18 Phase Gain Calibrates phase readout 

and auxiliary output from 

phase detector. 
A2R30 
A2R28 


A2R44 
A2R23 VERT DEFL 
ADJ 


A3R24 AMPL Zeroes the amplitude 3-b thru 3-b thru 
trace vertically. 3-e 

A3R25 PHASE Zeroes the phase trace 4-e 
vertically. 

AD5R27 Intensity Limit 


A5R40 Astigmatism 

ATR7 Log Zero Calibrates logging circuit 3-a thru 
at zero volts on auxillary 
output. 

A7R14 Log Gain Calibrates the post-log 3-a thru 
circuit. 

A8R4 +6V Adjust Calibrates + and -6 Volt 3-a thru 3-a thru 
supply. 3-e 3 

A8R8 Adjusts CRT field to align a 


the trace to the CRT 


4-c 
4-d 
IF Phase 4-b 
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Adjusts phase offset cali- 4 
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input phase. 
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Figure 5-4. Equipment Setup for Alignment Procedures with 8407A Mainframe 


Table 5-6. Alignment with 8407A Mainframe (Sheet 1 of 5) 


STEP DESCRIPTION AND PROCEDURE 


WARNING 
Voltages greater than 1000 Volts are present at the CRT 
and in assemblies A5 and A6. These voltages could cause 
injury to personnel. 
INITIAL SETUP 
DESCRIPTION: Setup and adjust instrument for amplitude and phase trace on CRT. 


PROCEDURE: 


a. Connect equipment as shown in Figure 5-4. Set sweep oscillator for swept mode with sweep 
width of 10 kHz or less. Set the 8407A AMPL VERNIER to midrange and both DISPLAY 
REFERENCE switches to top position. Set DISPLAY REFERENCE CAL so that 
zero GB is at the top on both scales. Set 8407A REF CHAN LEVEL ADS switch to the 
middle position. Adjust sweep oscillator RF output for REF CHANNEL LEVEL meter 
indication at the top of the OPERATE range. 
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Table 5-6. Alignment with 8407A Mainframe (Sheet 2 of 5) 


DESCRIPTION AND PROCEDURE 


b. While observing the oscilloscope, adjust 8407A DISPLAY REFERENCE 1dB/step switch 
and AMPL VERNIER control to obtain 316 mV p-p from 8407A IF TEST output. It may 
be necessary to slightly readjust Sweep Oscillator RF output to obtain desired result. 

Set DISPLAY REFERENCE CAL so that zero dB appears in the 1dB/step scale. 


STEP 


Gs Set 8412A MODE switch to DUAL, AMPL DB/DIV switch to 10, PHASE DEG/DIV 
switch to 90, PHASE switch to + (up), DEGREES switch to 100, and BW (kHz) switch 
to 10. Set 8407A DISPLAY REFERENCE 10 dB/step control to +40 dB. Both amplitude 

and phase traces should be displayed on 8412A CRT. 


POWER SUPPLY (A8R4) 


DESCRIPTION: The +6 Volt power supplies are adjusted for correct output. 
PROCEDURE: 


Check for +6 Vdc +0.03 Vdc at A8TP1 and -6 Vdc +0.03 Vdc at A8TP3. 
out of tolerance, adjust A8R4 and recheck both test points again. 


If either is 


TRACE ALIGN (A8R8) 


DESCRIPTION: The voltage to the CRT trace-align coil is adjusted to align trace to 
graticule on CRT face. 


PROCEDURE: 


Set Sweep Oscillator for minimum sweep width. Set 8412A MODE switch to AMPL. 
Adjust 8407A AMPL VERNIER control and DISPLAY REFERENCE 1 dB/step switch 
to superimpose the amplitude trace over the center horizontal graticule. For 
instruments with rear-panel TRACE ALIGN control R9, center rear-panel control 
and adjust A8R8 TRACE ALIGN control for best alignment of trace to graticule. 
For instruments without rear-panel TRACE ALIGN control, adjust A8R8 for best 
alignment of trace to graticule. If trace alignment is not correct when 8412A is 
installed directly into mainframe, readjust TRACE ALIGN control. 


ASTIGMATISM (A5R40) 
DESCRIPTION: The CRT trace is adjusted for best focus. 
PROCEDURE: 


Set sweep oscillator to single-frequency (CW) mode. Adjust ASTIGMATISM control 
A5R40 and front panel FOCUS control for the smallest dot trace on screen. 


AMPLITUDE CALIBRATION (A3R23, A3R24, A7R7, A7R14, AND AMPL. CAL. R4) 
DESCRIPTION: The CRT trace is adjusted for best focus. 


PROCEDURE: 


Connect digital voltmeter (DVM) to rear-panel AMPL 50 MV/DB connector. Set 
8412A MODE switch to AMPL and AMPL DB/DIV control to 10. Set 8407A DISPLAY 
REFERENCE control to +40 dB and adjust AMPL VERNIER control for 0.000 Vdc on 
DVM. If zero Vdc cannot be obtained, adjust A7R7. Check DVM readout at DISPLAY 
REFERENCE control settings listed in following table. Make alignment adjustments 

listed in table as necessary. 
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Table 5-6. Alignment with 8407A Mainframe (Sheet 3 of 5) 


STEP DESCRIPTION AND PROCEDURE 


8407A 
DISPLAY REFERENCE Voltmeter 
(Zero at top) Reading Adjustment 


LOG GAIN A7R14 
LOG GAIN A7R14 
LOG GAIN A7R14 
LOG GAIN A7R14 
LOG ZERO AT7R7 


AMPL CAL - LOW LEVEL 
(Front Panel) 


AMPL CAL - LOW LEVEL 
(Front Panel) 


AMPL CAL - LOW LEVEL 
(Front Panel) 


AMPL CAL - LOW LEVEL 
(Front Panel) 


Set sweep oscillator for swept mode with sweep width of 10 kHz or less. Set the 
8407A DISPLAY REFERENCE control to +40 dB and readjust AMPL VERNIER, 
if necessary, to get a 0.000 Volt indication on the DVM. For instruments with 
rear-panel VERT POS control, center the VERT POS control. The trace on the 
8412A should be on the center horizontal graticule. If not, adjust A3R24 AMPL 
control. Check vertical deflection amplifier dc balance by moving the 8412A 
AMPL DB/DIV switch through its full range. If trace moves from center 
graticule line, readjust 8407A AMPL VERNIER for 0.000 Volt indication on 
DVM. Readjust A3R24 AMPL control slightly to obtain minimum change in 
trace deflection with change in vertical sensitivity (AMPL DB/DIV). Set the 
8412A AMPL DB/DIV switch to 10 and change the 8407A DISPLAY REFERENCE 
control in 10 dB steps. The 8412A trace should move one major division for 
each step. If not, adjust A3R23 and front panel AMPL CAL (LOW LEVEL) controls. 


Set the 8407A DISPLAY REFERENCE switches to +40 dB and set 8412A AMPL DB/DIV 
switch to 2.5. Adjust 8407A AMPL VERNIER for 0.000 Volt indication on DVM. 
Change 8407A DISPLAY REFERENCE controls to +35 dB. The 8412A trace should 
move up two major divisions. If not, make slight adjustment of A3R23. 


Set 8412A AMPL DB/DIV switch to 1.0 and 8407A DISPLAY REFERENCE controls 
to 440 dB. If necessary, readjust 8407A AMPL VERNIER for 0.000 Volt on DVM. 
Change 8407A DISPLAY REFERENCE controls to +39 dB. The 8412A trace should 
move up one major division. If not, make slight adjustment of A3R23. 


Set 8412A AMPL DB/DIV switch to 0.25 position. Adjust 8407A AMPL VERNIER 
control and DISPLAY REFERENCE controls to place the amplitude trace on the 
screen. Change the DISPLAY REFERENCE control by one dB and trace should 
move 4 major divisions. If not, make slight adjustment of A3R23. If adjustment 
of A3R23 was necessary in steps c, d, or e, recheck steps b through e again. 
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Table 5-6. Alignment with 8407A Mainframe (Sheet 4 of 5) 


DESCRIPTION AND PROCEDURE 


PHASE CALIBRATION (A1R6, A1R18, A2R30, A2R44, A3R25) 


DESCRIPTION: The phase offset circuits are adjusted for correct calibration and the 
phase detector is calibrated. The deflection amplifier is then checked by observing 
trace deflection on CRT. 


PROCEDURE: 


a. Set sweep oscillator for symmetrical sweep operation (minimum sweep width). 
Connect DVM to PHASE 10 mV/DEG connector at 8412A rear. On 8412A, set 
MODE to PHASE, PHASE DB/DIV to 90, PHASE OFFSET to (-), and DEGREES 
switch to 0. Set Network Analyzer PHASE VERNIER to midrange. 


Connect dual trace oscilloscope to the 8407A rear-panel IF REF and IF TEST 
outputs. 


Adjust Network Analyzer PHASE VERNIER, DISPLAY REFERENCE and 
oscilloscope to display one sine wave superimposed on the other. 


Expand one cycle of trace so that the zero degree point on the sine wave is at 
the left edge and the 360 degree point is at the right edge of the graticule 

(Figure 5-1la, Waveform A). (With an oscilloscope having 10 cm graticule 
width, each cm is 36 degrees.) Expand the oscilloscope waveform horizontally 
by a factor of ten so that each cm represents 3.6 degrees. Adjust oscilloscope 
to position the center of the waveform on the screen (Figure 5-la, Waveform B). 


Adjust 8412A A1R6 PHASE ZERO for DVM reading of 0 +1.5 mVdc. 
Short current source (short A2Q14 base to emitter) and adjust A2R44 for -297 +2 mVdc. 
Remove short and adjust A1R6, if necessary for 0 +3 mVdc. 


Adjust A3R25 PHASE control for center graticule line on 8412A. Check vertical 
deflection amplifier de balance by moving the 8412A PHASE DEG/DIV switch 
through its full range. If trace moves from center graticule line, readjust 
8412A A1R6 for 0 +3 mVdc indication on DVM. Readjust A3R25 PHASE 

control to obtain minimum change in trace deflection with change in vertical 
sensitivity (PHASE DEG/DIV). Set 8412A PHASE DEG/DIV switch to 90. 


Adjust A2R28 so that maximum difference in DVM reading is 1 mVdc when switching 
from (+) to (-) PHASE positions. 


Adjust Network Analyzer for 0 +1 mVdc DVM reading. 


Set 8412A DEGREES switch to 160 and adjust A1R18 so that highest DVM reading 
for either polarity (+) or (-) is 1.600V +1 mVdc. 


Set 8412A BW (kHz) switch to 0.1 and DEGREES switch to 180. Adjust A2R30 
so that CRT line display stays within 1 cm of center line for either polarity 
(+) or (-) setting of 8412A. 


Set 8412A DEGREES switch to 0 and adjust A1R6, if necessary, for 0 +2 mVdc 
DVM reading. 
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Table 5-6. Alignment with 8407A Mainframe (Sheet 5 of 5) 


STEP DESC RIPTION AND PROCEDURE 


6. m. Set PHASE switch to positive (up). Set DEGREES switch and obtain DVM 
(Contd) indication as shown in table below. If not, adjust A1R18. Set PHASE 
switch to negative and recheck DVM indication at each position of 
: DEGREES switch. Readjust A1R18, if necessary. 
DEGREES Setting DVM Indication 


INTENSITY LIMIT (A5R27) 


DESCRIPTION: The range of the front panel INTENSITY control is adjusted so that 
fully counterclockwise turns trace off and clockwise turns trace to full brightness. 


PROCEDURE: 


Adjust front-panel INTENSITY control fully counterclockwise and traces on 
8412A should disappear near the counterclockwise position and maximum 
brightness of trace at fully clockwise position. 
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Figure 5-5. Equipment Setup for Alignment Procedures with 8410A Mainframe 


Table 5-7. Alignment with 8410A Mainframe (Sheet 1 of 5) 


STEP DESCRIPTION AND PROCEDURE 


WARNING 


Voltages greater than 1000 Volts are present at the CRT 
and in assemblies A5 and A6. These voltages could cause 
injury to personnel. 


INITIAL SETUP 


DESCRIPTION: Setup and adjust instrument for amplitude and phase trace on CRT. 


PROCEDURE: 


a. Connect equipment as shown in Figure 5-5. Set sweep oscillator for swept mode over as 
narrow a band as possible. Adjust 8410A SWEEP STABILITY control and sweep 
oscillator RF output for RF CHANNEL LEVEL meter indication in the middle of the 
OPERATE range. 
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Table 5-7. Alignment with 8410A Mainframe (Sheet 2 of 5) 


STEP DESCRIPTION AND PROCEDURE 


1. b. While observing the oscilloscope, adjust 8410A AMPLITUDE TEST CHANNEL GAIN 
(Contd) to obtain 316 mV p-p from 8410A TEST CHAN OUTPUT. The setting in the TEST 
CHANNEL GAIN 1 dB/step window necessary to obtain 316 mV p-p must be used for 


the AMPLITUDE CALIBRATION PROCEDURE, STEP 5 of this procedure 
Cc. Set 8412A MODE switch to DUAL, AMPL DB/DIV switch to 10, PHASE DEG/DIV 


(Table 5-7). 

switch to 90, PHASE switch to positive (+), DEGREES switch to 100, and BW (kHz) 
switch to 10. Set 8410A AMPLITUDE TEST CHANNEL GAIN 10 dB/step (leave 

1 dB/Step control at setting determined in STEP 1b). Both amplitude and phase 
traces should be displayed on 8412A CRT. 


POWER SUPPLY (A8R4) 
DESCRIPTION: The +6 Volt power supplies are adjusted for correct output. 


PROCEDURE: 


Check for +6 Vdc +0.03 Vdc at A8TP2 and -6 Vde +0.03 Vdc at A8TP3. If 
either is out of tolerance, adjust A8R4 and recheck both test points again. 


TRACE ALIGN (A8R8) 


DESCRIPTION: The voltage to the CRT trace-align coil is adjusted to align trace to 
graticule on CRT face. 


PROCEDURE: 


Set Sweep Oscillator for minimum sweep width. Set 8412A MODE switch 
to AMPL. Adjust 8410A AMPL VERNIER control to superimpose the 
amplitude trace over the center horizontal graticule. For instruments 
with rear-panel TRACE ALIGN control R9, center rear-panel control and 
adjust A8R8 TRACE ALIGN control for best alignment of trace to 
graticule. For instruments without rear-panel TRACE ALIGN control 
adjust A8R8 for best alignment of trace to graticule. If trace alignment 
is not correct when 8412A is installed directly into mainframe, readjust 
TRACE ALIGN control. 


ASTIGMATISM (A5R40) 
DESCRIPTION: The CRT trace is adjusted for best focus. 
PROCEDURE: 
Set sweep oscillator to single-frequency (CW) mode. Adjust ASTIGMATISM 


control A5R40 and front panel FOCUS control for the smallest dot trace on 
screen. 


AMPLITUDE CALIBRATION (A3R23, A3R243, A7R7, A7R14, AND AMPL. CAL. R4) 


DESCRIPTION: The log converter is adjusted for proper calibration at the rear- 
panel amplitude auxiliary output over the 60 dB range of 8410A mainframe. 
The CRT amplitude trace is then adjusted for calibration to CRT graticule. 
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Table 5-7. Alignment with 8410A Mainframe (Sheet 3 of 5) 


STEP DESCRIPTION AND PROCEDURE 


PROCEDURE: 
NOTE 


For all of the following settings of the 8410A AMPLITUDE 
TEST CHANNEL GAIN control, set only the 10 dB/step 
control. The 1 dB/step control should remain at setting 
determined in STEP 1b unless otherwise stated. 


Connect digital voltmeter (DVM) to rear-panel AMPL 50 MV/DB connector. Set 
8412A MODE switch to AMPL and AMPL DB/DIV control to 10. Set 8410A 
AMPLITUDE TEST CHANNEL GAIN 10 dB/step control to 20 dB and adjust 
AMPL VERNIER control for 0.000 Vde on DVM. If zero Vdc cannot be obtained, 
adjust A7R7. Check DVM readout at AMPLITUDE TEST CHANNEL GAIN control 
settings listed in table on following page. Make alignment adjustments listed in 
table as necessary. 


8410A 
AMPLITUDE Digital 
TEST CHANNEL Voltmeter 
GAIN* Reading Adjustment 


LOG GAIN A7R14 
LOG GAIN A7R14 
LOG GAIN A7R14 
LOG GAIN A7R14 
LOG ZERO A7R7 


AMPL CAL - LOW LEVEL 
(Front Panel) 


AMPL CAL - LOW LEVEL 
(Front Panel) 


*1 dB/step control set at setting determined in STEP 1b. 


Set sweep oscillator for swept mode over as narrow a band as possible. Set 
the 8410A AMPLITUDE TEST CHANNEL GAIN 10 dB/step control to 20 dB and 
readjust AMPL VERNIER, if necessary, to get a 0.000 Vdc indication on the 
DVM. For instruments with rear-panel VERT POS control, center the 

VERT POS control. The trace on the 8412A should be on the center horizontal 
graticule. If not, adjust A3R24 AMPL control. Check vertical deflection 
amplifier dc balance by moving the 8412A AMPL DB/DIV switch through its 
full range. If trace moves from center graticule line, readjust 8410A 

AMPL VERNIER for 0.000 Volt indication on DVM and readjust A3R24 

AMPL control slightly to obtain minimum change in trace deflection with 
change in vertical sensitivity (AMPL DB/DIV). Set the 8412A AMPL DB/DIV 
switch to 10 and change the AMPLITUDE TEST CHANNEL GAIN control in 

10 dB steps. The 8412A trace should move one major division for each step. 
If not, adjust A3R23 and front panel AMPL CAL (LOW LEVEL) controls. 
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Table 5-7. Alignment with 8410A Mainframe (Sheet 4 of 5) 


STEP DESCRIPTION AND PROCEDURE 


is ; Set 8410A AMPLITUDE TEST CHANNEL GAIN 10 dB/step control to 20 dB 
(Contd) and set 8412A AMPL DB/DIV switch to 2.5. Adjust 8410A AMPL VERNIER 
: for 0.000 Volt indication on DVM. Change 8410A AMPLITUDE TEST CHANNEL 
GAIN control by +5 dB. The 8412A trace should move up two major division. 
If not, make slight adjustment of A3R23. 
: Set 8412A AMPL DB/DIV switch to 1.0 and set 8410A AMPLITUDE TEST 
CHANNEL GAIN control to 20 dB (1 dB/step control set at setting determined 


in step 1b). If necessary, readjust 8410A AMPL VERNIER for 0.000 Volt 
on DVM. Change 8410A AMPLITUDE TEST CHANNEL GAIN control by +1 
dB. The 8412A trace should move up one major division. If not, make 
slight adjustment of A3R23. 


Set 8412A AMPL DB/DIV switch to 0.25 position. Adjust 8410A AMPL 
VERNIER control and AMPLITUDE TEST CHANNEL GAIN control to 
place the amplitude trace on the screen. Change the AMPLITUDE 
TEST CHANNEL GAIN control by one dB and dot should move 4 major 
divisions. If not, make slight adjustment of A3R23. If A3R23 was 
adjusted in steps c, d, or e, recheck steps b through e again. 


left edge and the 360° point is at the right edge of the graticule (Figure 5-la, 
Waveform A). (With an oscilloscope having 10 cm graticule width, each cm 
is 36 degrees.) Expand the oscilloscope waveform horizontally by a factor 

of ten so that each cm represents 3.6 degrees. Adjust oscilloscope to 
position the center of the waveform on the screen (Figure 5-la, Waveform B). 


Adjust 8412A A1R6 PHASE ZERO for DVM reading 0 +1.5 mVdc. 


Short current source (short A2Q14 base to emitter) and adjust A2R44 for 
-297 +2 mVdc. 


Remove short and adjust A1R6, if necessary, for 0 +3 mVdc. 


PHASE CALIBRATION (A1R6, A1R18, A2R28, A2R30, A2R44, A3R25, AND 
VERT. POS. R8) 
DESCRIPTION: The phase offset circuits are adjusted for correct calibration 
and the phase detector is calibrated. The deflection amplifier is then 
checked by observing trace deflection on CRT. 
PROCEDURE: 
ae Set sweep oscillator for single-frequency (CW) operation. Connect DVM 
to PHASE 10 mV/DEG connector at 8412A rear. On 8412A, set MODE 
to PHASE, PHASE DEG/DIV to 90, PHASE OFFSET to (-), and DEGREES 
switch to 0. Set Network Analyzer PHASE VERNIER to mid-range. 
: Connect dual trace oscilloscope to the 8410 rear-panel TEST CHAN OUTPUT 
and REF CHAN OUTPUT connectors. 
- Adjust Network Analyzer PHASE VERNIER, AMPLITUDE TEST CHANNEL 
GAIN and oscilloscope to display one sine wave superimposed on the other. 
Expand one cycle of trace so that the zero degree point on the sine wave is at 
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Table 5-7. Alignment with 8410A Mainframe (Sheet 5 of 5) 


STEP DESCRIPTION AND PROCEDURE 


6. x Adjust A3R25 for center graticule line on 8412A. Check vertical deflection 
(Contd) amplifier dc balance by moving the 8412A PHASE DEG/DIV switch through its 
full range. If trace moves from center graticule line, readjust 8412A A1R6 for 
0 +3 mVdc indication on DVM. Readjust A3R25 PHASE control to obtain minimum 
change in trace deflection with change in vertical sensitivity (PHASE DEG/DIV). 
Set 8412A PHASE DEG/DIV switch to 90. 


Adjust A2R28 so that maximum difference in DVM reading is 1 mVdc when 
switching from (+) to (-) PHASE positions. 


Adjust Network Analyzer for 0 +1 mVdc DVM reading. 


Set 8412A DEGREES switch to 160 and adjust A1R18 so that highest DVM reading 
for either polarity (+) or (-) is 1.600V +1 mVdc. 


Set 8412A BW (kHz) switch to 0.1 and DEGREES switch to 180. Adjust A2R30 
so that CRT line display stays within 1 cm of center line for either polarity (+) or 
(-) setting of 8412A. 


Set 8412A DEGREES switch to 0 and adjust A1R6, if necessary, for 0 +2 mVdc DVM 
reading. 


Set PHASE switch to positive (up). Set DEGREES switch and obtain DVM indication 
as shown in table below. If not, adjust A1R18. Set PHASE switch to negative and 
recheck DVM indication at each position of DEGREES switch. Readjust A1R18 if 
necessary. 


DEGREES Setting DVM Indication 


INTENSITY LIMIT (A5R27) 


DESCRIPTION: The range of the front panel INTENSITY control is adjusted so that 
fully counterclockwise turns trace off and clockwise turns trace to full brightness. 


PROCEDURE: 


Adjust front-panel INTENSITY control fully counterclockwise and traces on 8412A 
should disappear near the counterclockwise stop. If not, adjust A5R27 for a range 
of INTENSITY control that gives no trace near counterclockwise position and 
maximum brightness of trace at fully clockwise position. 
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SECTION VI 
REPLACEABLE PARTS 


6-1. INTRODUCTION. 6-3. ORDERING INFORMATION. 
6-2. This section contains information for ordering 6-4. To obtain replacement parts, address order or 
replacement parts. Table 6-1. gives the meanings of inquiry to your local Hewlett-Packard Field Office 
the abbreviations and reference designations used in (see list at rear of this manual for addresses). Iden- 
the table of replaceable parts. Table 6-2 lists parts tify parts by their Hewlett-Packard stock numbers. 
in alphanumerical order of their reference designators 

and indicates the description and HP stock number 6-5. 
of each part, together with any applicable notes. 
Miscellaneous parts are listed at the endof Table 6-2. 


To obtain a part that is not listed, include: 


a. Instrument model number. 


a. Description. b. Instrument serial number. 


b. Manufacturer of the part in a five-digit code; 


see list of manufacturers in Table 6-3. c. Description of the part. 


c. Manufacturer's part number. 


d. Total quantity used (TQ column). d. Function and location of the part. 


Table 6-1. Reference Designations and Abbreviations Used in the Table of Replaceable Parts. 


REFERENCE DESIGNATORS 


Ba MP a 


Woon iN 


ou 


nN OW 


TS 


01194-13 


assembly 

motor 

battery 

capacitor 

coupler 

diode 

delay line 

device signaling (lamp) 
misc electronic part 


amperes 


automatic frequency control 


amplifier 


beat frequency oscillator 


beryllium copper 
binder head 
bandpass 

brass 


backward wave oscillator 


counter-—clockwise 
ceramic 

cabinet mount only 
coefficient 
common 
composition 
complete 
connector 
cadmium plate 
cathode-ray tube 
clockwise 


deposited carbon 
drive 


electrolytic 
encapsulated 
external 


farads 

flat head 
fillister head 
fixed 

giga (109) 
germanium 


glass 
ground(ed) 


RE A ie ee a 


1 ate ea 


1 Veet Ti tT de ah) Houohw wt wou 


ete te Se et 


Hou ow ou 


fuse 

filter 

integrated circuit 
jack 

relay 

inductor 

loud speaker 
meter 
microphone 


MP 


ABBREVIATIONS 


henries 
hardware 
hexagonal 
mercury 
hour(s) 
hertz 


intermediate freq 
impregnated 
incandescent 
include(s) 
insulation(ed) 
internal 


kilo = 1000 


left hand 

linear taper 

lock washer 
logarithmic taper 
low pass filter 


milli = 1073 
meg = 106 
metal film 
metallic oxide 
manufacturer 
mega hertz 
miniature 
momentary 
mounting 
"mylar'' 


nano (10-9) 
normally closed 
neon 

nickel plate 


N/O 
NPO 


NPN 


NRFR 


a WS ae ea 


Hou uw i 


nou uw t wow wea 


uo wt 


mechanical part 
plug 

transistor 
resistor 
thermistor 
switch 
transformer 
terminal board 
test point 


normally open 
negative positive zero 
(zero temperature 
coefficient) 
negative-positive- 
negative 

not recommended for 
field replacement 

not separately 
replaceable 


order by description 
oval head 
oxide 


peak 

printed circuit 
picofarads = 10712 
farads 

phosphor bronze 
Phillips 

peak inverse voltage 
positive-negative- 
positive 

part of 

polystyrene 
porcelain 

position(s) 
potentiometer 
peak-to-peak 

point 

peak working voltage 
rectifier 

radio frequency 


round head or 
right hand 


Hit a ott 


Tal! eae | PST TS) PW | ey | Me ie fe | | Wa 


Mi se ate it alt 


ou 


nou wt 


vacuum tube, neon 
bulb, photocell, etc. 
voltage regulator 
cable 

socket 

crystal 

tuned cavity, 
network 


rack mount only 
root-mean square 
reverse working 


voltage 


slow-blow 
screw 
selenium 
section(s) 
semiconductor 
silicon 

silver 

slide 

spring 

special 
stainless steel 
split ring 
steel 


tantalum 

time delay 

toggle 

thread 

titanium 

tolerance 

trimmer 

traveling wave tube 


micro = 10-6 


variable 
de working volts 


with 

watts 

working inverse 
voltage 
wirewound 
without 
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Model 8412A Replacable Parts 


Table 6-2. Replaceable Parts 


Designation 


08412-60001 
08412-60030 
0140-0199 
0160-2917 
0160-2917 


Mfr Part Number 


BOARD ASSY:PHASE DETECTOR 
REBUILT-EXCHANGE ASSEMBLY 08412-60030 
CzFXD MICA 240 5% 0140-0199 
CzFXD CER 0.05 +80=20% 1LOOVDCW HYPE 

C:FXD CER 0.05 +80-20% 1OOVDCW TYPE 


08412-60001, 


0160-2917 
0160-2917 
0160-0301 
0160-0301 
0180-0116 


CsFXD CER 0.05 +80=20% 1LOOVDCW TYPE 

C:FXD CER 0.05 +80-20% 1LOOVDCW TYRE 

CzFXD MY 0.012 10% 200VDCW 192P12392=PTS 
CsFXD MY 0.012 10% 200VDCW OZR 2392=P75 
C:FXD ELECT 6.8 UF 10% 35VDCW 150D685X9035B2=DYS 


0180-0116 
0160-2917 
1901-0040 
1902-0686 
1902-0686 


C:FXD ELECT 6.8 UF 10% 35VDCW 1500685X9035B2=DYS 
C:FXD CER 0-05 UF +80-20% 100VDCW TYPE TA 
DIGDE:SILICON 30MA 30WV FDG1088 

DIODE BREAKDOWN:6.2V 2% 1N825 

DIGDE BREAKDOWN:6.2V 2% 1N825 


1820-0102 
1826-0007 


INTEGRATED CIRCUIT: J-K FLIP FLOP MC 1013P 
IC:LINEAR CRECOMMENDED REPLACEMENT ) 1826-0007 


9140-0210 
9140-0210 
9140-0210 


9140-0210 
9100-1664 
1854-0019 
1854-0019 
1853-0020 


1854-0073 
1854-0023 
1854-0023 
0757-0422 
0698-0083 


0757-0280 
0757-0280 
0757-1094 
2100-1772 
0757-0401 


0757-0421 
0757-0401 
0757-0402 
0757-0428 
0757-0280 


0757-0280 
0698-3152 
0698-3440 
0698-3152 
0698-0082 


2100-1769 
0757-0280 
0757-0416 
0757-0438 
0757-0200 


08412-60002 
08412-60031 
0160-2917 
0160-2917 
0160-2917 


0160-2917 
0160-2917 
0180-0291 
0160-2917 
0180-0291 


0160-2917 
0160-2917 
0160-2917 
0160-2219 
0160-2212 


0160-2204 
0140-0198 
0180-0197 
0160-2917 
0180-0195 


0180-0197 
0180-0291 
0180-1735 
0180-1735 
0160-2207 


COIL/CHOKE 
COIL/CHOKE 
COIL/CHOKE 


COITL/CHOKE 
COIL/ CHOKE 


100 UH 5% 
100 UH 5% 
100 UH 5% 


100 UH 5% 
3000 UH 5% 


TSTR=SI NPN 
TSTR:SI NPN 
TSTR:SI PNP( SELECTED FROM 2N3702) 


TSTR2:SI NPN( SELECTED FROM 2N2857) 
TSTR:SI NPN(SELECTED FROM 2N2484) 
TSTR:SI NPN(SELECTED FROM 2N2484) 


R:FXD 
R:FXD 


R2FXD 
R:FXD 
R:FXD 
R: VAR 
R:2FXD 


R:FXD 
R3FXD 
R:FXD 
R3FXD 
R3FXD 


R:FXD 
R:FXD 
R3FXD 
R:FXD 
R:FXD 


R2VAR 
R:FXD 
R3FXD 
RsFXD 
R:FXD 


BOARD 


MET FLM 909 OHM 12% 1/8W 
MET FLM 1.96K OHM 12% 1/8W 


MET FLM 1K OHM 1% 1/8W 
MET FLM 1K OHM 1% 1/8W 
MET FLM 1.47K OHM 12 1/8W 
WW 500 OHM 5% TYPE H 1W 
MET 100 OHM 1% 1/8W 


MET 825 OHM 1% 1/8W 
MET 100 OHM 1% 1/8W 
MET 110 OHM 1% 1/8W 
MET 1.62K OHM 1% 1/8W 
MET 1K OHM 1% 1/8W 


MET 1K OHM 1% 1/8W 
MET 348K OHM 1% 1/8W 
MET 196 OHM 1% 1/8W 
MET 348K OHM 1% 1/8W 
MET 464 OHM 1% 1/8W 


WW 50 OHM 5% TYPE H 1W 
MET FLM 1K OHM 1% 1/8W 
MET FLM 511 OHM 1% 1/8W 
MET FLM 5-11K OHM 1% 1/8W 
MET FLM 5262K OHM 1% 1/8W 


ASSY:PHASE OFFSET 


REBUILT=EXCHANGE ASSEMBLY 


C:FXD 
C:FXD 
C:FXD 


C:FXD 
C:FXD 
C:FXD 
C:FXD 
C:FXD 


C:FXD 
C:FXD 
C:FXD 
C:FXD 
C:FXD 


C:FXD 
C:FXD 
C:FXD 
C:FXD 
C:FXD 


Cz:FXD 
C:FXD 
C:FXD 
C:FXD 
C2FXD 


See introduction to this section for ordering information 


CER 0.05 UF +80-20% 100VDCW 
CER 0.05 UF +80-20% 100VDCW 
CER 0-05 UF +80=20% 100VDCW 


CER 0-05 UF +80-20% 1LOOVDCW 
CER 0.05 UF +80=20% 100VDCW 
ELECT 1-0 UF 10% 35VDCW 
CER 0-05 UF +80-20% 100VDCW 
ELECT 1-0 UF 10% 35VDCW 


CER 0.05 UF +80-20% 100VDCW 
CER 0.05 UF +80-20% 1lOOVDCW 
CER 0-05 UF +80-20% 1LOOVDCW 
MICA 1100 PF 5% 

MICA 560 PF 5% 300VDCW 


MICA 1OOPF 5% 

MICA 200 PF 5% 

ELECT 2.2 UF 10% 20VDCW 

CER 0.05 UF +80-20% 100VDCW 
ELECT 0.33 UF 20% 35VDCW 


ELECT 2.2 UF 10% 20VDCW 
ELECT 1.0 UF 10% 35VDCW 
ELECT 0.22 UF 10% 35VDCW 
ELECT 0.22 UF 10% 35VDCW 
MICA 300 PF 5% 


15=1315=123 
T5=1315=125 
15=1315-12J 


15-1315-12J 
9100-1664 
1854-0019 
1854-0019 
1853-0020 


1854-0073 
1854-0023 
1854-0023 
0757-0422 
0698-0083 


0757-0280 
0757-0280 
0757-1094 
2100-1772 
0757-0401 


0757-0421 
0757-0401 
0757-0402 
0757-0428 
0757-0280 


0757=0280 
0698-3152 
0698-3440 
0698-3152 
0698-0082 


2100-1769 
0757-0280 
0757-0416 
0757-0438 
0757-0200 


08412-60002 
08412-60031 
TYPE 
TXPE 
TYPE 


TYPE 

TYPE 
1500105X9035A2-DYS 
TYPE TA 
150D105X9035A2=DYS 


TYPE TA 
TYPE TA 
TYPE TA 
0160-2219 
0160-2212 


RDM15F101J3C 
RDM15F201J3C 
150D225X9020A2=DYS 
TYPE TA 
150D0334X0035A2=DYS 


1500225X9020A2=DYS 
150D105X9035A2=DYS 
0180-1735 
0180-1735 
0160-2207 


Replacable Parts Model 8412A 


Table 6-2. Replaceable Parts 


Designation 


1910-0016 DIGDE:GERMANIUM 1LOOMA/O.85V 60PIV D2361 
1910-0016 DIODE:GERMANIUM 100MA/0.85V 60PIV 02361 
1901-0025 DIODE:SILICON 1LOOMA/1V FD 2387 
1901-0025 DIODE:SILICON 1LOOMA/1V FD 2387 
1901-0025 DIODE:SILICON 1OOMA/1V FD 2387 


1901-0025 DIODE:SILICON LOOMA/1V FD 2387 
1910-0016 DIGDE:GERMANIUM 1LOOMA/0.85V 60PIV 02361 
1910-0016 DIODE:GERMANIUM 1LOOMA/0O.85V 60PIV 02361 
1820-0213 IC2ECL DUAL R=S &/F MC 1014P 


9140-0210 COIL/CHOKE 100 UH 5% 15-1315 20 
9140-0210 COIL/CHOKE 100 UH 5% 15-1315-12J 
9100-1666 COIL/CHOKE:FXD 3600 UH 5% 9100-1666 
9100-1649 COIL/CHOKE 620 UH 5% 9100-1649 
9140-0210 COIL/CHOKE 100 UH 5% 15-1315-12J 


1854-0071 TSTR:SI NPN(SELECTED 2N3704) 1854-0071 
1853-0020 TSTR:SI PNP(SELECTED 2N3702) 1853-0020 
1854-0071 TSTR:SI NPNC(SELECTED 2N3 704) 1854-0071 
1854-0071 TSTR=SI NPN( SELECTED 2N3704) 1854-0071 
1853-0020 TSTR=2SI PNP(SELECTED 2N3702) 1853-0020 


1854-0071 TSTR:SI NPN( SELECTED 2N3704) 1854-0071 
1854-0071 TSTR:SI NPN( SELECTED 2N3704) 1854-0071 
1854-0071 TSTR:SI NPNCSELECTED 2N3704) 1854-0071 
1854-0019 TSTR=SI NPN 1854-0019 
1854-0019 TSTR:SI NPN 1854-0019 


1854-0295 TSTR:SI NPN 1854-0295 
1854-0475 TSTR:SI NPN CRECOMMENDED REPLACEMENT ) 1854-0475 
1854-0475 TSTR:SI NPNICRECOMMENDED REPLACEMENT ) 1854-0475 
1853-0050 TSTR: SI PNP 1853-0050 
1853-0050 TSTR2SI PNP 1853-0050 


0757-0401 R:FXD MET FLM 100 OHM 1% 1/8W 0757-0401 
0757-0199 R:FXD MET FLM 21.5K OHM 1% 1/8W 0757-0199 
0698-0082 R:FXD MET FLM 464 OHM 1% 1/8W 0698-0082 
0757-0199 R:FXD MET FLM 21.5K OHM 1% 1/8W 0757-0199 
0757-0401 R:FXD MET FLM 100 OHM 1% 1/8W 0757-0401 


0757-0280 R:FXD MET FLM 1K OHM 1% 1/8W 0757-0280 
0698-3157 R:FXD MET FLM 19-6K OHM 1% 1/8W 0698-3157 
0698-3450 RsFXD MET FLM 42-2K OHM 1% 1/8W 0698-3450 
0698-3450 R:FXD MET FLM 42.2K OHM 1% 1/8W 0698-3450 
0698-3450 R:FXD MET FLM 42-2K OHM 1% 1/8W 0698-3450 


0698-3450 R=FXD MET FLM 42.2K OHM 1% 1/8W 0698-3450 
0757-0422 R:FXD MET FLM 909 OHM 12% 1/8W 0757-0422 
0698-3447 R:FXD MET FLM 422 OHM 12% 1/8W 0698-3447 
0698-3447 R:FXD MET FLM 422 OHM 1% 1/8W 0698-3447 
0757-0280 R2FXD MET FLM 1K OHM 1% 1/8W 0757-0280 


0757-0442 R:FXD MET FLM 10.0K OHM 12% 1/8W 0757-0442 
0757-0442 R:FXD MET FLM 10-0K OHM 1% 1/8W 0757-0442 
0757-0422 R:FXD MET FLM 909 OHM 1% 1/8W 0757-0422 
0698-0083 R:FXD MET FLM 1-96K OHM 12% 1/8W 0698-0083 
0698-0083 R3FXD MET FLM 1.696K OHM 1% 1/8W 0698-0083 


0757-0280 R:FXD MET FLM 1K OHM 1% 0757-0280 
0757-0443 R:FXD MET FLM 11-0K OHM 0757-0443 
0757-0443 R:FXD MET FLM 11.0K OHM 0757-0443 
0757-0442 R:FXD MET FLM 10-0K OHM 0757-0442 
0757-1094 R2FXD MET FLM 1.247K OHM 0757-1094 


0757-0401 R:FXD MET FLM 100 OHM 1% 1/8W 0757-0401 
0757-0278 R:FXD MET FLM 1.e78K OHM 1% 1/8W 0757-0278 
2100-1770 R:VAR WW 100 OHM 5% TYPE H 1W 2100-1770 
0698-6652 R:FXD FLM 1-74K OHM 1% 1/8W 0698-6652 
2100-1773 R:VAR WW 1K OHM 5% TYPE H 1W 2100-1773 


0698-6337 R:FXD FLM 123K OHM 1% 1/8W 0698-6337 
0757-0280 R=FXD MET FLM 1K OHM 1% 1/8W 0757-0280 
0698-3442 R:FXD MET FLM 237 OHM 1% 1/8W 0698-3442 
0698-6337 R:FXD FLM 123K OHM 1% 1/8W 0698-6337 
0757-0424 R:FXD MET FLM 1-10K OHM 12% 1/8W 0757-0424 


0757-0399 R3FXD MET FLM 82.5 OHM 1% 1/8W 0757-0399 
0757-0438 RsFXD MET FLM 5-211K OHM 12 1/8W 0757-0438 
0757-0438 RsFXD MET FLM 5e11K OHM 1% 1/8W 0757-0438 
0757-0399 R:FXD MET FLM 82.5 OHM 1% 1/8W 0757-0399 
0698-3157 R:FXD MET FLM 19.26K OQHM 1% 1/8W 0698-3157 


0757-0460 R:FXD MET FLM 61.9K OHM 1% 1/8W 0757-0460 
0757-0440 R:FXD MET FLM 7-50K OHM 12% 1/8W 0757-0440 
0757-0199 R2FXD MET FLM 21.25K OHM 12 1/8W 0757-0199 
2100-1777 R2VAR WW 20K OHM 5% TYPE H 1W 2100-1777 
0757-0280 R=FXD MET FLM 1K OHM 1% 1/8W 0757-0280 


See introduction to this section for ordering information 
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Model 8412A Replacable Parts 


, Table 6-2. Replaceable Parts 


Reference HP Part Number] Qty Description Mfr Part Number 
Designation 


08412-60003 BOARD ASSY:MULTIPLEXER/DEFL AMPLIFIERS 08412-60003 
08412-60032 REBUILT-EXCHANGE ASSEMBLY 08412-60032 
0160-2055 C:FXD CER 0-01 UF +80-20% 100VDCW CO23F101F103ZS22-CDH 
0150-0096 C:FXD CER 0.05 UF +80=-20% 1lOOVDCW TA 

0160-2055 CzFXD CER 0.01 UF +80-20% 1O00VDCW C023F101F103ZS22=CDH 


0160-2055 C:FXD CER 0.01 UF +80-20% 1LOOVDCW C023F101F103ZS22-CDH 
0180-0197 CzFXD ELECT 2.2 UF 10% 20VDCW 1500225X9020A2=-DYS 
0180-0197 Cz:FXD ELECT 2.2 UF 10% 20VDCW 150D225X9020A2=-DYS 
0160-2930 C:FXD CER 0.01 UF +80-20% 100VDCW TA 

0160-2213 C:FXD MICA 620 PF 5% 300VDCW 0160-2213 


0160-2146 C:FXD CER 0.02 UF +80-20% 100VDCW TA 

0160-2213 C:FXD MICA 620 PF 5% 300VDCW 0160-2213 
0160-2146 C:FXD CER 0.02 UF +80-20% 1LOOVOCW TA 

0160-0161 CzFXD MY 0.01 UF 10% 200VDCW 192P10392=-PTS 
0180-0291 CzFXD ELECT 1.0 UF 10% 35V0CW 150D105X9035A2-DYS 


1901-0040 DIGDE:SILICON 30MA 30WV FDG1088 
1901-0040 DIODE:SILICON 30MA 30WV FDG1088 
1901-0040 DIODE:SILICON 30MA FDG1088 
1901-0040 DIODE:SILICON 30MA FDG1088 
1901-0040 DIODE:SILICON 30MA FDG1088 


1901-0040 DIODE:SILICON 30MA FDG1088 
9100-1664 COIL/CHOKE 3000 UH 9100-1664 
9100-1664 COIL/CHOKE 3000 UH 9100-1664 
9140-0210 COIL/CHOKE 100 UH 52% 15=13 15-125 
1854-0232 TSTR=SI NPN(SELECTED FROM 2N3440) 1854-0232 


1205-0050 HEAT DISSIPATOR 1205-0050 
1854-0071 TSTR: SI NPN(SELECTED FROM 2N3704) 1854-0071 
1854-0071 TSTRESI NPN{SELECTED FROM 2N3704) 1854-0071 
1854-0232 TSTR=SI NPN( SELECTED FROM 2N3440) 1854-0232 
1205-0050 HEAT DISSIPATOR 1205-0050 


1854-0232 TSTR:SI NPN(SELECTED FROM 2N3440) 1854-0232 
1854-0232 TSTR:SI NPN(SELECTED FROM 2N3440) 1854-0232 
1854-0071 TSTR2:SI NPN(SELECTED FROM 2N3704) 1854-0071 
1854-0071 TSTR=SI NPN(SELECTED FROM 2N3704) 1854-0071 
1854-0071 TSTR2SI NPN(SELECTED FROM 2N3704) 1854-0071 


1854-0071 TSTRzSI NPN(SELECTED FROM 2N3704) 1854-0071 
1853-0020 TSTR2SI PNP(SELECTED FROM 2N3702) 1853-0020 
1853-0020 TSTR2SI PNP(SELECTED FROM 2N3702) 1853-0020 
1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 1854-0071 
1854-0071 TSTR=SI NPN( SELECTED FROM 2N3704) 1854-0071 


1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 1854-0071 
0698-3646 Rz:FXD OX 12K OHM 5% 2wW 0698-3646 
0698-3646 RzFXD OX 12K OHM 5% 2W 0698-3646 
0698-3440 R:FXD 196 OHM 12 1/8W 0698-3440 
0698-3440 R:3FXD 196 OHM 12 1/8W 0698-3440 


0757-0280 R3FXD 1K OHM 12% 1/8W 0757-0280 
0698-3443 R2FXD 287 OHM 1% 1/8W 0698-3443 
06 98-3443 R2FXD 287 OHM 1% 1/8W 0698-3443 
0757-0280 RsFXD 1K OHM 12% 1/8W 0757-0280 
0757-0401 R:FXD 100 OHM 1% 1/8W 0757-0401 


0757-0280 R3FXD 1K OHM 1% 1/8W 0757-0280 
0757-0401 R3FXD 100 OHM 12 1/8W 0757-0401 
0757-0280 R3FXD 1K OHM 1% 1/8W 0757-0280 
0757-0280 R:sFXD 1K OHM 1% 1/8W 0757-0280 
0757-0416 R:2FXD 511 OHM 12% 1/8W 0757-0416 


0757-0279 R:sFXD 3e16K OHM 1% 1/8W 0757-0279 
0757-0401 R3FXD 100 OHM 1% 1/8W 0757-0401 
0757-0459 R=2FXD 562K OHM 1% 1/8W 0757-0459 
0757-0279 RsFXD 316K OHM 1% 1/8W 0757-0279 
0757-0401 Rz2FXD 100 OHM 1% 1/8W 0757-0401 


0698-3156 R3FXD FLM 14.7K OHM 1% 1/8W 0698-3156 
0757-0317 R:FXD FLM 1.33K OHM 1% 1/8W 0757-0317 
0698-3440 RzFXD FLM 196 OHM 1% 1/8W 0698-3440 
2100-2515 R:VAR CERMET 200K OHM 10% LIN 1/2W 2100-2515 
2100-2521 R:VAR FLM 2000 OHM 10% LIN 1/2W 2100-2521 


2100-2521 R:VAR FLM 2000 OHM 10% LIN 1/2W 2100-2521 
0757-0401 R:FXD MET FLM 100 OHM 1% 1/8W 0757-0401 
0757-0280 R:FXD MET FLM 1K OHM 1% 1/8W 0757-0280 
0698-3443 R3:FXD MET FLM 287 OHM 12% 1/8W 0698-3443 
0698-3443 R:FXD MET FLM 287 OHM 12% 1/8W 0698-3443 


0757-0401 R3FXD MET FLM 100 OHM 1% 1/8W 0757-0401 
0698-3158 R:FXD MET FLM 237K OHM 1% 1/8W 0698-3158 
0757-0459 R:FXD MET FLM 5622K OHM 1% 1/8W 0757-0459 
0757-0280 R:FXD MET FLM 1K OHM 1% 1/8W 0757-0280 
0757-0280 R:FXD MET FLM 1K OHM 1% 1/8W 0757-0280 


See introduction to this section for ordering information 


Replacable Parts Model 8412A 


Table 6-2. Replaceable Parts 


Reference ivti Mfr Mfr Part Numbe 


0698-3156 R=FXD 14-7K OHM 1% 1/8W 0698-3156 
0757-0309 R:FXD MET 61.9K OHM 1% 1/2W 0757-0309 
0757-0309 R:FXD MET 61-9K OHM 1% 1/2W 0757-0309 
0757-0280 R:FXD MET 1K OHM 1% 1/8W 0757-0280 
0757-0280 RsFXD MET 1K OHM 1% 1/8W 0757-0280 


0757-0442 R:FXD MET 10.0K OHM 12 1/8W 0757-0442 
0757-0442 R:FXD MET 10.0K OHM 12% 1/8W 0757-0442 
0757-0438 R:FXD MET 5e11K OHM 1% 1/8W 0757-0438 
0698-3440 R3FXD MET 196 OHM 1% 1/8W 0698-3440 
0757-0279 R:FXD MET 3-16K OHM 1% 1/8W 0757-0279 


0757-0458 R:sFXD MET 51-1K OHM 1% 1/8W 0757-0458 
0757-0458 R:FXD MET FLM 51.1K OHM 12 1/8W 0757-0458 
0757-0441 R:FXD MET FLM 825K OHM 1% 1/8W 0757-0441 
0757-0280 R:FXD MET FLM 1K OHM 1% 1/8W 0757-0280 
0757-0280 R:FXD MET FLM 1K OHM 1% 1/8W 0757-0280 


0757-0280 R:FXD MET FLM 1K OHM 1% 1/8W 0757-0280 
0757-0280 R:FXD MET FLM 1K OHM 12% 1/8W 0757-0280 
0757-0279 R:FXD MET FLM 3.16K OHM 1% 1/8W 0757-0279 
0757-0279 R2FXD MET FLM 3-16K OHM 1% 1/8W 0757-0279 
0757-0279 RzFXD MET FLM 3-16K OHM 1% 1/8W 0757-0279 


0757-0279 R:FXD MET FLM 3-16K OHM 12 1/8W 0757-0279 
08412-60011 PHASE OFFSET & FUNCTION SWITCH ASSY 08412-60011 
08412-60044 REBUILT-EXCHANGE ASSEMBLY 08412-60044 


0698-5438 R:FXD FLM 100 OHM 0.25% 1/8W 0698-5438 


0698-5438 R:FXD FLM 100 OHM 0.25% 1/8W 0698-5438 
0698-5438 R:FXD FLM 100 OHM 0.25% 1/8W 0698-5438 
0698-5438 R:FXD FLM 100 OHM 0.25% 1/8W 0698-5438 
0698-5438 R:FXD FLM 100 OHM 0.25% 1/8W 0698-5438 
0698-5438 R:FXD FLM 100 OHM 0.25% 1/8W 0698-5438 


0698-5438 R:FXD FLM 100 OHM 0.25% 1/8W 0698-5438 
0698-5438 R:FXD FLM 100 OHM 0.25% 1/8W 0698-5438 
0698-5438 R3:FXD FLM 100 OHM 0.252 1/8W 0698-5438 
0698-6076 R:FXD FLM 39K OHM 12 1/8W 0698-6076 
0698-6253 R3FXD FLM 9000 OHM 0.5% 1/8W 0698-6253 


0757-1093 R:FXD FLM 3K OHM 1% 1/8W 0757-1093 
NOT ASSIGNED 
0698-7354 R3FXD FLM 99K OHM 12 1/8W 0698-7354 
0698-6 253 R:FXD FLM 9000 OHM 0.5% 1/8W 0698-6253 
OT5T-0274 R:FXD MET FLM 1-21K OHM 12% 1/8W 0757-0274 
0757-0402 R:FXD MET FLM 110 OHM 1% 1/8W 0757-0402 
08412-60012 SWITCH BOARD 08412-60012 
08412-60045 REBUILT-EXCHANGE ASSEMBLY 08412-60045 
08620-40013 CONNECTOR:PC SPACER 08620-40013 
08412-60005 HIGH VOLTAGE POWER SUPPLY & REGULATOR 08412-60005 
08412-60034 REBUILT—EXCHANGE ASSEMBLY 08412-60034 


0160-0889 C:FXD MY 0.33 UF 10% 80VDCW 0160-0889 
0170-0040 C:FXD MY 0.047 UF 10% 200VDCW 192P47392—PTS 

NOT ASSIGNED 

NOT ASSIGNED ’ 
0180-0116 C:FXD ELECT 6.8 UF 10% 35VDCW 1500 685 X9035B2-DYS 


0180-0116 C:FXD ELECT 6.8 UF 10% 35VDCW 1500685 X9035B2-DYS 

0180-0116 CzFXD ELECT 6.8 UF 10% 35VDCW 1500685X9035B2-DYS 

0180-0116 C:FXD ELECT 6.8 UF 10% 35VDCW 150D685X9035B2=DYS 
NOT ASSIGNED 

0180-0197 C:FXD ELECT 2-2 UF 102% 20VDCW 150D225X9020A2-DYS 


0160-2236 C:FXD CER 1-0 PF 500VDCW 301-000-COKO-109C 
0180-0291 CsFXD ELECT 1.0 UF 10% 35VDCW 150D105X9035A2=DYS 
0160-3460 C:FXD CER 0.05 UF +80=-20% 100VDCW C023E£101L503ZS22-CDM 
0160-3460 C:FXD CER 0.05 UF +80-20% 100VDCW C023E101L5032S22-CDM 
0180-0291 C:FXD ELECT 1-0 UF 10% 35VDCW 150D105X9035A2-DYS 


0160-3007 C:FXD CER 4700 PF 20% 4K VDCW 3888-024-Y5S0-472M 
0160-3008 C:FXD CER 4700 20% VDOCW 3888-024-Y5S0-472M 
0160-3007 C:FXD CER 4700 20% VOCW 3888-024-Y5S0-472M 
0160-3008 C:FXD CER 4700 20% VOCW 3888-024-Y5S0-472M 
0160-3007 C:FXD CER 4700 202 VDCW 3888-024-Y5S0-472M 


0160-2403 CzFXD CER 1500 20% VDCW 828-025-X5RO0-152M 
1901-0040 DIODE:SILICON 30MA 30WV FDG1088 

1902-0049 DIODE:BREAKDOWN 6-19V 5% $Z10939-122 
1901-0050 OIODE:SI 200 MA AT 1V FDA 6308 
1902-0569 DIODE:SILICON 1N941 11.5V 2% SZ 11489 


1901-0040 OIODE=SILICON 30MA 30WV FDG1088 
1901-0040 DIODE:SILICON 30MA 30WV FDG1088 
1901-0040 DIODE=SILICON 30MA 30WV FDG1088 
1901-0040 DIGDE:SILICON 30MA 30WV FDG1088 
1901-0026 DIODE:SILICON 0.75A 200PIV SPR1358-8 


See introduction to this section for ordering information 
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Model 8412A 


Reference 
Designation 


1901-0033 
1901-0050 
1901-0050 
9100-1630 
9100-1630 


9100-1630 
9100-1630 
9100-1630 
1853-0020 
1854-0071 


1853-0020 
1853-0050 
1853-0050 
1853-0012 
1854-0022 


1854-0475 
1853-0012 
1853-0020 
1854-0282 
0757-0424 


0757-0441 


0757-0466 
0698-3 136 
0757-1094 


06 98=3432 
0757-0467 
0757-0465 
0698-0083 
0698-3338 


0698-3158 
0757-0420 
0757-0442 
0698-3155 
0757-0438 


0698-3157 
0757-0200 
0757-0200 
0698-3435 
0698-0335 


0698-3450 
0698-3450 
0757-0438 
0698-3444 
0757-0401 


0757-0438 
2100-1618 
0836-0003 
06 86-1055 
0683-1215 


0757-0442 
0757-0280 
0698-3444 
0698-7182 
06 86-2225 


06 86-3355 
0836-0003 
0686-4735 
06 86-6 235 
2100-2650 


0757-0280 
2140-0014 
08412-60006 
08412-60035 
0160-3007 


0160-3008 
1901-0341 
1901-0341 
0683-2235 
0683-1635 


08412-80001 
08412-60007 
08412-60036 
0160-2225 
0160-2225 


Table 6-2. Replaceable Parts 


DIGDE:SILICON 100MA 180WV 
DIODE=SI 200 MA lV 
DIODE:STI 200 MA 1V 
COIL/CHOKE 51.0 5Z 
COIL/CHOKE 51.0 5% 


COIL/CHOKE 51.0 5z 
COIL/CHOKE 51.0 5Z 
COIL/CHOKE 51.0 5% 
TSTR=SI PNP(SELECTED FROM 2N3702) 
TSTR2SI NPNC( SELECTED FROM 2N3704) 


TSTR:SI PNP{SELECTED FROM 2N3702) 
TSTR=SI PNP 
TSTR=SI PNP 
TSTR=SI PNP 
TSTR=SI NPN 


TSTR:SI NPNCRECOMMENDED REPLACEMENT ) 
TSTR:SI PNP 

TSTR2SI PNP(SELECTED FROM 2N3702) 
TSTR=:SI NPN 

RsFXD MET FLM 1.10K GHM 12 1/8W 


R:FXD MET FLM 8.25K OHM 12 1/8W 
FACTORY SELECTED PART 

R:FXD MET FLM 110K OHM 12% 1/8 
R:FXD MET FLM 17.8K OHM 12 2/8W 
R3FXD MET FLM 1.247K OHM 12 1/8 


RzFXD MET FLM 26.1 OHM 12 1/8 
RsFXD MET FLM 121K OHM 12 1/8W 
R2FXD MET FLM 100K OHM 12 1/8W 
R:FXD MET FLM 1.96K OHM 12 1/8H 
R:FXD MET OX 1500 OHM 52 2W 


R:FXD MET FLM 23.7K OHM 12 1/8HW 
R:FXD MET FLM 750 OHM 12 1/8W 

R:FXD MET FLM 10.0K OHM 1/8W 
R2FXD MET FLM 4.64K OHM 1/ 8W 
R:FXD MET FLM 5211K OHM 1/8W 


R:FXD MET FLM 19.6K OHM 1/8W 
R:FXD MET FLM 5.62K OHM 1/8W 
R:FXD MET FLM 5.62K OHM 1/8W 
R:FXD MET FLM 38.3 OHM 12 1/8W 


RsFXD MET FLM 42.2K OHM 12 1/8W 
R=FXD MET FLM 42.2K OHM 12 1/8W 
R:FXD MET FLM 5.211K OHM 12 1/8W 
R:FXD MET FLM 316 OHM 1% 1/8W 
R:FXD MET FLM 100 OHM 12 1/8W 


R:FXD MET FLM 5.11K OHM 12 1/8 
R2VAR FLM 1 MEGOHM 20% LIN 1/2W 
R:FXD FLM 29 MEGOHM 102 1W 
R:FXD COMP 1 MEGOHM 5% 1/2W 
R:FXD COMP 120 OHM 52 1/4W 


R:FXD MET FLM 10.0K OHM 12 1/8W 
R:FXD MET FLM 1K OHM 1% 1/8WCRECOM. 
R:FXD MET FLM 316 OHM 12 1/8W 

R:FXD MET FLM 30 MEGOHM 12 2W 
R:FXD COMP 2200 OHM 52% 1/2W 


R:FXD COMP 3.3 MEGOHM 52 1/2W 
R:FXD FLM 29 MEGOHM 102% 1W 
R:FXD COMP 47K OHM 52 1/2W 
RzFXD COMP 62K OHM 52 1/2W 
R:VAR FLM 200K OHM 10% LIN 1/2W 


R:FXD MET FLM 1K OHM 1% 1/8W 
LAMP:GLOW 0.5 MILLIAMPS T-2 BULB 
HIGH VOLTAGE TRANSFORMER & RECTIFIER 
REBUILT-EXCHANGE ASSEMBLY 

CzFXD CER 4700 PF 20% 4K VDCW 


C:FXD CER 4700 PF 20% 4K VDCW 
DIGDE:SI 7000 PIV 50MA 
DIGDE:SI 7000 PIV 50MA 

R:FXD COMP 22K OHM 5% 1/4W 
R:FXD COMP 16K OHM 52% 1/4W 


TRANSFORMER ASSY:HIGH VOLTAGE 
AMPLITUDE CHANNEL LOG CONVERTER ASSY 
REBUILT—EXCHANGE ASSEMBLY 

C=FXD MICA 2000 PF 5% 300VDCW 

C:FXD MICA 2000 PF 5% 300VDCW 


See introduction to this section for ordering information 


Replacable Parts 


FD3369 
FDA 6308 
FDA 6308 
9100-1630 
9100-1630 


9100-1630 
9100-1630 
9100-1630 
1853-0020 
1854-0071 


1853-0020 
1853-0050 
1853-0050 
2N2904A 
$17843 


1854-0475 
2N2904A 
1853-0020 
2N3583 
0757-0424 


0757-0441 


0757-0466 
MF4C T-0O 
0757-1094 


0698-3432 
0757-0467 
0757-0465 
0698-0083 
0698-3338 


0698-3158 
0757-0420 
0757-0442 
0698-3155 
0757-0438 


0698-3157 
0757-0200 
0757-0200 
0698-3435 


0698-3450 
0698-3450 
0757-0438 
0698-3444 
0757-0401 


0757-0438 
2100-1618 
0836-0003 
EB 1055 
CB 1215 


0757-0442 
0757-0280 
0698-3444 
0698-7182 
EB 2225 


EB 3355 
0836-0003 
EB 4735 
EB 6235 
2100-2650 


0757-0280 
4AB(NE=-96) 
08412-60006 
08412-60035 
3888-024-Y5S0-472M 


3888-024-Y5S0-472M 
1901-0341 
1901-0341 

CB 2235 

CB 1635 


08412-80001 
08412-60007 
08412-60036 
RDM19F202J53C 
RDM19F202J53C 


Mfr Part Number 
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Replacable Parts Model 8412A 


Table 6-2. Replaceable Parts 


Reference lip part Number) Qty 
Designation 


0180-0116 C:FXD ELECT 6.8 10% 35VDCW 150D685X9035B2=LYS 
0180-0116 C:FXD ELECT 6.8 10% 35VOCW 1500 685X9035B2=-DYS 
1901-0050 DIGDE:SI 200 MA 1V FDA 6308 
1901-0050 OIODE:SI 200 MA 1Vv FDA 6308 
1901-0050 DIODE:SI 200 MA 1vV FDA 6308 


Mfr Part Number 


Description 


1902-0202 DIGDE BREAKDOWN:15.0V 5% 1W 1902-0202 
1902-0202 DIODE BREAKDOWN:15.0V 5% 1W 1902-0202 
1826-0007 IC:LINEAR (RECOMMENDED REPLACEMENT) 1826-0007 
1826-0007 ICsLINEAR (RECOMMENDED REPLACEMENT) 1826-0007 
1826-0007 IC:LINEARCRECOMMENDED REPLACEMENT) 1826-0007 


1826-0007 ICs:LINEARCRECOMMENDED REPLACEMENT) 1826-0007 
1854-0295 TSTR:SI NPN 1854-0295 
0698-3153 R:FXD MET FLM 3-83K OHM 12% 1/8W 0698-3153 
0698-0085 R2FXD MET FLM 2.61K OHM 1% 1/8W 0698-0085 
0757-0441 R:FXD MET FLM 825K OHM 12% 1/8W 0757-0441 


0757-0439 RzFXD MET FLM 6.81K OHM 1% 1/8W 0757-0439 


0698-4348 
0757-0440 
2100-1775 
0757-0440 


0757-0059 
OT5T-0444 
0757-0280 
0811-1780 
0757-0447 


2100-1774 
0757-0416 
0757-0280 
0757-0416 
0698-3442 


0698-3442 
08412-60008 
08412-60037 
0180-0197 
0180-0197 


0160-2307 


R3FXD 
R:FXD 
R:VAR 
R2FXD 


R:FXD 
R3FXD 
R:FXD 
R:FXD 
R3FXD 


R:VAR 
R3FXD 
R:FXD 
R:3FXD 
R3FXD 


R:FXD 


MET 


FLM 


4.99 MEGOHM 12 1/4W 


MET FLM 7250K OHM 12 1/8W 
WW 5K OHM 5% TYPE H 1W 
MET FLM 7-50K OHM 1% 1/8W 


MET FLM 1 MEGOHM 12 1/2W 
MET FLM 12.-1K OHM 1% 1/8W 
MET FLM 1K OHM 1% 1/8W 

WW 1K OHM 5.02 1/4W 

MET FLM 16.2K OHM 12% 1/8W 


WW 2K OHM 5% TYPE H 1W 
FLM 511 OHM 1% 1/8W 
FLM 1K OHM 1% 1/8W 
FLM 511 OHM 1% 1/8W 
FLM 237 OHM 12 1/8W 


FLM 237 OHM 1% 1/8W 


LOW VOLTAGE POWER SUPPLY 
REBUILLT-EXCHANGE ASSEMBLY 


CzFXD 
C:FXD 


ELECT 2.2 UF 10% 20VDCW 
ELECT 2-2 UF 10% 20VDCW 


C:FXD MICA 47 PF 5% 


0698-4348 
0757-0440 
2100-1775 
0757-0440 


0757-0059 
0757-0444 
0757-0280 
0811-1780 
0757-0447 


2100-1774 
0757-0416 
0757-0280 
0757-0416 
0698-3442 


0698-3442 
08412-60008 
08412-60037 
1500225X9020A2=D¥S 
150D225X9020A2=-DYS 


0160-2307 


0180-1748 C:FXD ELECT 45 UF +75=10% 250VDC 39D456F250FL4-DSB 
1820-0247 IC:VOLTAGE REGULATOR 40V MAX.CRECOM. REPL) LM305 
1826-0007 ICsLINEARCRECOMMENDED REPLACEMENT ) 1826-0007 
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1853-0027 


1854-0039 
1853-0052 
0757-0290 
0698-0084 
0757-0289 


2100-1773 
0698-3491 
0698-3491 
0811-1670 
2100-1777 


0757-0984 
0757-0984 
0757-0310 
08412-60009 
08412-60038 


0180-0291 
0180-0291 
0180-0197 
0180-0228 
0180-0229 


0180-0116 
0180-1 743 
0180-1743 
0180-0197 
0180-0291 


0140-0205 
0180-0291 
0180-0197 
0180-0291 
0160-3076 


0140-0184 
0180-0291 
0180-0197 
0180-0197 
0180-0291 


TSTR:SI PNP 


TSTR:SI NPN 
TSTR:SI PNP 


R:FXD 
RsFXD 
R3FXD 


R3VAR 
R:FXD 
R3FXD 
R:FXD 
R3VAR 


R3FXD 
RsFXD 
R:FXD 


MET FLM 6619K OHM 12% 1/8W 
MET FLM 2-15K OHM 12 1/8W 
MET FLM 13.3K OHM 1% 1/8W 


WW 1K OHM 5% TYPE H 1W 
MET FLM 1K OHM 0.12% 1/8W 
MET FLM 1K OHM 0.1% 1/8W 
WW 22 OHM 5% 2wW 

WW 20K OHM 5% TYPE H 1W 


MET FLM 10.0 OHM 1% 1/2W 
MET FLM 10.0 OHM 1% 1/2W 
MET FLM 133K OHM 12% 1/2W 


TEST CHANNEL AMPLIFIER ASSY 
REBUILT-EXCHANGE ASSEMBLY 


C:FXD 
C:FXD 
C:FXD 
C:FXD 
CsFXD 


C:FXD 
C:FXD 
C:FXD 
C:FXD 
C:FXD 


C3FXD 
CzFXD 
C:FXD 
C:FXD 
C:FXD 


C:FXD 
C:FXD 
C:FXD 
C:FXD 
C:FXD 


See introduction to this section for ordering information 


ELECT 1.0 UF 10% 35V0CW 
ELECT 1-0 UF 10% 35VDCW 
ELECT 2.2 UF 10% 20VDCW 
ELECT 22 UF 10% 15V0CW 
ELECT 33 UF 10% 1OVDCW 


ELECT UF 10% 35VDCW 
ELECT UF 10% 35VDCW 
ELECT UF 10% 35VDCW 
ELECT UF 10% 20VDCW 
ELECT UF 10% 35VDCW 


MICA 62 PF 5% 300VDCW 
ELECT 1.0 UF 10% 35VDCW 
ELECT 2-2 UF 10% 20VDCW 
ELECT 1.0 UF 10% 35VDCW 
CER 470 PF 5% 200VDCW 


MICA 8200 PF 1% 1OOVDCW 
ELECT 1.0 UF 10% 35VODCW 
ELECT 2-2 UF 10% 20VDCW 
ELECT 2-2 UF 10% 20VDCW 
ELECT 1.0 UF 10% 35V0CW 


$1554S 


2N3053 
2N3740 
0757-0290 
0698-0084 
0757-0289 


2100-1773 
0698-3491 
0698-3491 
0811-1670 
2100-1777 


0757-0984 
0757-0984 
0757-0310 
08412-60009 
08412-60038 


1500105X9035A2-DYS 
15001 05X9035A2=DYS 
150D225X9020A2-DYS 
150D226X9015B2-DYS 
0180-0229 


150D685X9035B2-DYS 
150D104X 9035A2=DYS 
1500104X9035A2-DYS 
150D225X9020A2=-DYS 
150D105X9035A2=DYS 


RDM15E620J3C 
150D105X9035A2-DYS 
150D225X9020A2=DYS 
1500105X9035A2-DYS 
OBD 


0140-0184 

150D105X9035A2=DYS 
150D225X9020A2=DYS 
150D225X9020A2=-DYS 
150D105X9035A2=-DYS 


Model 8412A Replacable Parts 


Table 6-2. Replaceable Parts 


Reference mee Mfr 


0180-0291 C:FXD ELECT UF 10% 35VDCW 150D105X9035A2=DYS 
0180-0291 C:FXD ELECT UF 10% 35VDCW 150D105X9035A2-DYS 
0180-0291 C:FXD ELECT UF 10% 35VDCW 150D105X9035A2=DYS 
0180-0197 CzFXD ELECT UF 10% 20VDCW 150D225X9020A2=DYS 
0180-0197 C:FXD ELECT UF 10% 20VOCW 150D225X9020A2=-DYS 


1902-3082 DIODE BREAKDOWN:4.64V 5% 1902-3082 
1820-0212 ICsECL QUAD LINE RECEIVER MC 1020P 
1820-0212 ICsECL QUAD LINE RECEIVER MC1020P 
1820-0212 IC:ECL QUAD LINE RECEIVER MC1020P 


9140-0210 COIL/CHOKE 100 UH 5% = bs LoS Led 
9100-1641 COIL: MOLDED CHOKE 240.0 UH 9100-1641 
9100-1628 COIL:MOLDED CHOKE 43.0 UH 52% 9100-1628 
9100-1641 COIL: MOLDED CHOKE 240.0 UH 9100-1641 
9100-2209 INDUCTOR: 37-8 UH 1% 9100-2209 


9100-1641 COIL:MOLDED CHOKE 240.0 UH 9100-1641 
9100-1641 COIL:MOLDED CHOKE 240.0 UH 9100-1641 
9100-1641 COIL:MOLDED CHOKE 240.0 UH 9100-1641 
9100-1641 COIL:MOLDED CHOKE 240.0 UH 9100-1641 
1854-0071 TSTR:SI NPN( SELECTED FROM 2N3704) 1854-0071 


1854-0071 TSTRESI NPN(SELECTED FROM 2N3704) 1854-0071 
1854-0071 TSTR2SI NPN(SELECTED FROM 2N3704) 1854-0071 
1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 1854-0071 
0698-3440 R:FXD MET FLM 196 OHM 1% 1/8W 0698-3440 
0757-0442 R:FXD MET FLM 10.0K OHM 12% 1/8W 0757-0442 


0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W 0757-0442 
0698-3440 R:FXD MET FLM 196 OHM 12% 1/8W 0698-3440 
0698-3440 R3FXD MET FLM 196 OHM 12% 1/8W 0698-3440 
0757-0288 R:FXD MET FLM 9.09K OHM 1% 1/8W 0757-0288 
0757-0416 RsFXD MET FLM 511 OHM 1% 1/8W 0757-0416 


0757-0280 R:FXD MET FLM 1K OHM 1% 1/8W 0757-0280 
0757-0401 R:FXO MET FLM 100 OHM 1% 1/8W 0757-0401 
0757-0438 R:FXD MET FLM 5211K OHM 1% 1/8W 0757-0438 
0757-0416 R:FXD MET FLM 511 OHM 1% 1/8W 0757-0416 
0757-0416 R:FXD MET FLM 511 OHM 12% 1/8W 0757-0416 


0757-0416 RsFXD MET FLM 511 OHM 12 1/8W 0757-0416 
0757-0416 R:FXD MET FLM 511 OHM 12 1/8W 0757-0416 
0757-0280 R3FXD MET FLM 1K OHM 12% 1/8W 0757-0280 
0757-0280 R:FXD MET FLM 1K OHM 1% 1/8W 0757-0280 
0757-0401 R:FXD MET FLM 100 OHM 1% 1/8W 0757-0401 


0757-0416 R:FXD MET FLM 511 OHM 12% 1/8W 0757-0416 
0757-0416 R:FXD MET FLM 511 OHM 1% 1/8W 0757-0416 
0757-0416 R:FXD MET FLM 511 OHM 12 1/8W 0757-0416 


See introduction to this section for ordering information 


Replacable Parts Model 8412A 


Table 6-2. Replaceable Parts 


Reference oh a. Mfr 
Detiqnatien HP Part Number) Qty Description Code Mfr Part Number 


A10 08412-60010 AMPLITUDE SYNCHRONOUS DETECTOR ASSY 28480 08412-60010 

AlO 08412-60039 REBUILT-EXCHANGE ASSEMBLY 28480 08412-60039 

410C1 0150-0096 C:FXD CER 0.05 UF +80-20% LOOVDCW 91418 TA 

A10C2 0150-0096 C:FXD CER 0.05 UF +80-20% 1OOVOCW 91418 TA 

A10C3 0180-0291 C:FXD ELECT 1.0 UF 10% 35VDCW 56289 150D105X9035A2=-DYS 


A10C4 0150-0096 C:FXD CER 0.05 UF +80-20% 100VDCW 91418 TA 

A1l0C5 0150-0096 C:FXD CER 0.05 UF +80-20% 1lOOVDCW 91418 TA 

A10C6 0160-2202 CzFXD MICA 75 PF 5% 28480 0160-2202 
A1OC7 0160-0157 C:FXD MY 0.0047 UF 10% 200VDCW 56289 192P47292=PTS 
A10C8 0160-0157 C:FXD MY 0.0047 UF 10% 200VDCW 56289 192P47292=-PTS 


A10C9 0160-0161 C:FXD MY 0.01 UF 10% 200VDCW 56289 192P10392=PTS 
A10C10 0160-0161 C:FXD MY 0.01 UF 10% 200VDCW 56289 192P10392=-PTS 
A10C11 0180-0291 C:FXD ELECT 1.0 UF 10% 35VDCW 56289 150D105X9035A2=-DYS 
A10Ci2 0160-0161 Cz:FXD MY 0-01 UF 10% 200VDCW 56289 192P10392=PTS 
A10C13 0160-0161 C:FXD MY 0.01 UF 10% 200VDCW 56289 192P10392=-PTS 


A10C14 0180-0291 C:FXD ELECT 1.0 UF 10% 35VO0CW 56289 150D105X9035A2=-DYS 
A10C15 0150-0096 C:FXD CER 0-05 UF +80-20% 100VDCW 91418 TA 

A1L0OC16 0150-0096 C:FXD CER 0.05 UF +80-20% 1LOOVDCW 91418 TA 

A10C17 0150-0096 C:FXD CER 0-05 UF +80=-20% 100V0CW 91418 TA 

A1OCR1 1901-0050 DIODE:STI 200 MA AT 1V 07263 FDA 6308 


A1OCR2 1901-0050 DIGDE:SI 200 MA AT 1V 07263 FDA 6308 
A1OIC1 1826-0007 IC:LINEAR 28480 1826-0007 
A10Q1 1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071 
A10Q2 1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071 
A10Q3 1854-0071 TSTR2:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071 


A1004 1854-0414 TSTR:SI NPN 28480 1854-0414 
A1005 1854-0071 TSTR2:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071 
A1006 1854-0295 TSTR=SI NPN 28480 1854-0295 
Al10Q7 1854-0414 TSTR:SI NPN 28480 1854-0414 
A1008 1854-0475 TSTR:SI NPNCRECOMMENDED REPLACEMENT ) 28480 1854-0475 


41009 1854-0414 TSTR:SI NPN 28480 1854-0414 
A10910 1854-0475 TSTR:SI NPNCRECOMMENDED REPLACEMENT ) 28480 1854-0475 
A1l0Q11 1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071 
A10012 1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071 
A10Q13 1854-0071 TSTR=2SI NPN(SELECTED FROM 2N3704) 28480 1854-0071 


A1OR1L 0757-0441 R:FXD MET FLM 8.25K OHM 1% 1/8W 28480 0757-0441 
A1OR2 0698-3440 RzFXD MET FLM 196 OHM 1% 1/8W 284 80 0698-3440 
A1OR3 0757-0444 R:FXD MET FLM 12.1K OHM 1% 1/8W 28480 0757-0444 
A1LOR4 0757-0401 R:FXD MET FLM 100 OHM 1% 1/8W 284 80 0757-0401 
A1OR5 0698-3440 R:FXD MET FLM 196 OHM 12% 1/8W 28480 0698-3440 


A1OR6 0757-0401 R3FXD MET FLM 100 OHM 1% 1/8W 28480 0757-0401 
A1LORT 0757-0416 R:FXD MET FLM 511 OHM 12% 1/8W 28480 0757-0416 
A10R8 0757-0401 R:FXD MET FLM 100 OHM 1% 1/8W 284 80 0757-0401 
A1OR9O 0698-3440 R:FXD MET FLM 196 OHM 1% 1/8W 28480 0698-3440 
A10R10 0757-0441 R3FXD MET FLM 825K OHM 12% 1/8W 284 80 0757-0441 


A1OR11 0757-0444 R:FXD MET FLM 12-1K OHM 12% 1/8W 284 80 0757-0444 
A10R12 0757-0416 R3FXD MET FLM 511 OHM 1% 1/8W 284 80 0757-0416 
A10R12 FACTORY SELECTED PART 

A10R13 0698-3440 R:FXD MET FLM 196 OHM 1% 1/8W 284 80 0698-3440 
A1l0R14 0698-3427 R3FXD FLM 13-3 OHM 12% 1/8W 28480 0698-3427 


A1OR15 0757-0442 RsFXD FLM 10-0K OHM 1% 1/8W 28480 0757-0442 
A1OR16 0698-3159 R:FXD FLM 26.1K OHM 12% 1/8W 28480 0698-3159 
A1OR17 0757-0428 R3FXD FLM 1.62K OHM 1% 1/8W 28480 0757-0428 
A10R18 0698-3431 R:FXD FLM 23.7 OHM 1% 1/8W 284 80 0698-3431 
A10R19 0698-0082 R3FXD FLM 464 OHM 12% 1/8W 28480 0698-0082 


A10R20 0698-3431 R:zFXD FLM 23.7 OHM 1% 1/8W 284 80 0698-3431 
Al0R21 0757-0428 R:FXD FLM 1-62K OHM 12% 1/8W 28480 0757-0428 
A1LOR22 0757-0442 RzFXD FLM 10-0K OHM 12% 1/8W 284 80 0757-0442 
A10R23 0757-0442 R:3FXD FLM 10.0K OHM 12% 1/8W 28480 0757-0442 
ALOR24 0757-0418 R3FXD FLM 619 OHM 1% 1/8W 284 80 0757-0418 


A10R25 0757-0441 R:FXD FLM 8.25K OHM 1% 1/8W 28480 0757-0441 
A10R26 0757-0444 R3:FXD FLM 12-1K OHM 12% 1/8W 284 80 0757-0444 
A1OR27 0698-7649 R:2FXD 383 OHM 0.1% 1/8W 28480 0698-7649 
A10R28 0757-0418 R3FXD FLM 619 OHM 12% 1/8W 28480 0757-0418 
A10R29 0698-5490 RzFXD FLM 2K OHM 1% 1/8W 28480 0698-5490 


A10R30 0757-0416 R:FXD MET FLM 511 OHM 1% 1/8W 284 80 0757-0416 
A10R30 FACTORY SELECTED PART 

A10R31 0698-3136 R:FXD MET FLM 17.28K OHM 1% 2/8W 19701 MF4C T-O 

A10R32 0757-0280 RsFXD MET FLM 1K OHM 1% 1/8W 28480 0757-0280 
A10R33 0757-0416 R:FXD MET FLM 511 OHM 12 1/8W 28480 0757-0416 


A10R34 0811-1150 RzFXD WW 2 X 2K OHM 28480 0811-1150 
A10R34 (MATCHED PAIR) SEE R40 

A10R35 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W 28480 0757-0442 
A1LOR36 0698-1649 R:FXD FLM 383 OHM 0.1% 1/8W 28480 0698-7649 
A1OR37 0698-3440 R:FXD MET FLM 196 OHM 1% 1/8W 284 80 0698-3440 


See introduction to this section for ordering information 
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Model 8412A Replacable Parts 


Table 6-2. Replaceable Parts 


Reference |p part Number] Oty 
Designation 


Mfr Part Number 


Description 


A10R38 
A10R39 
A10R40 
A10R41 
A10R42 


A10R43 
A1LOR44 
A10R45 
A10R46 
A1OR47 


0698-0085 
0757-0447 


0757-0416 
0757-0401 


0698-3 162 
0698-3155 
0698-3155 
0698-3155 
0698-3440 


0180-2198 
1901-0049 
1901-0049 
1901-0029 


1901-0029 
2110-0064 
1400-0084 
0900-0016 
2110-0064 


08412-40002 
1251-0055 
1250-0118 
1250-0118 
1250-0118 


1250-0118 
1250-0118 
01200-66001 
2100-2843 
2100-2847 


5040-0453 
2100-2838 
2100-2869 
2100-2838 
0683-1045 


0683-1035 
2100-2492 
2100-2083 
3101-1338 
9100-2850 


5083-9081 
1251-1190 
1251-2309 
1251-0159 
1251-2308 


1251-2075 
5060-0115 


1251-2309 
1251-1190 


1251-2309 
P251=—2309 
1200-0037 
1200-0050 
08412-60004 


R2FXD MET FLM 2.61K GHM 1% 1/8W 
R:FXD MET FLM 16.2K OHM 1% 1/8 
PART OF R34 

R:FXD MET FLM 511 OHM 1% 1/8W 
R3FXD MET FLM 100 OHM 1% 1/8W 


R:FXD MET FLM 46.4K OHM 1% 1/8W 
R:FXD MET FLM 4.64K OHM 1% 1/8W 
R3FXD MET FLM 4264K OHM 1% 1/8W 
R:FXD MET FLM 4.64K OHM 1% 1/8W 
R:FXD MET FLM 196 OHM 1% 1/8W 


CHASSIS PARTS 
C:FXD ELECT 2700 UF +75-10% 25VDCW 
DIODE:SILICON SOPIV 
DIODE:SILICON 50PIV 
DIODE:SILICON 600 PIV 


ODIODE:SILICON 600 PIV 
FUSE:0.125A 125V SLO-BLO 
FUSEHOLDER:EXTRACTOR POST TYPE 
"O" RING:11/16" 

FUSE:0.2125A 125V SLO-BLO 


FUSEHOL DER 

CONNECTOR:MALE 24 CONTACTS 
CONNECTOR: BNC 
CONNECTOR: BNC 
CONNECTOR: BNC 


CONNECTOR: BNC 

CONNECTOR: BNC 

COIL ASSY:ALIGNMENT 

R:VAR COMP 5K OHM 10% LIN 1/2W 
R=VAR COMP 5 MEGOHM 20% LIN 1/2W 


COVER: POTENTIOMETER(FOCUS) 
R=:VAR COMP 20K OHM 10% LIN 0.5W 
RsVAR WW 10 OHM 10% LIN 3/4W 
R:VAR COMP 20K OHM 10% LIN O.5W 
R:FXD COMP 100K OHMS 5% 1/4W 


R:FXD COMP 10K OHM 5% 1/4W 

R:VAR COMP 5K OHM 20% LIN 1/2W 
R:VAR COMP 20K OHM 20% LIN 1/2W 
SWITCH:SLIDE DPDT 0-5A 125V AC/DC 
TRANSFORMER:175V 50-400HZ 


CRT 

CONNECTOR:PC EDGE (2 X 12) 24 CONTACT 
CONNECTOR:PC 12 CONTACTS 
CONNECTOR:PC EDGE 2 X 15 CONTACT 
CONNECTOR:PC 22 CONTACTS 


CONTACT:PC CONNECTOR RT ANGLE 
CONNECTOR ASSY215 CONTACT 

NOT ASSIGNED 

CONNECTOR:PC 12 CONTACTS 

CONNECTOR:PC EDGE (2 X 12) 24 CONTACT 


CONNECTOR:PC 12 CONTACTS 
CONNECTOR:PC 12 CONTACTS 
SOCKET:CRT TUBE 
CONTACT:CRT SOCKET 

BOARD ASSY:EXTENDER 


See introduction to this section for ordering information 


0698-0085 
0757-0447 


0757-0416 
0757-0401 


0698-3162 
0698-3155 
0698-3155 
0698-3155 
0698-3440 


36027 2G025AA2C-DQB 


1901-0049 
1901-0049 
1901-0029 


1901-0029 
2110-0064 
342014 

0900-0016 
2110-0064 


08412-40002 
1251-0055 
28JR 128-1 
28JR 128-1 
28JR 128-1 


28JR 128-1 
28JR 128-1 
01200-66001 
2100-2843 
2100-2 847 


5040-0453 
2100-2838 
2100-2869 
2100-2838 
CB 1045 


CB 1035 

2100-2492 
2100-2083 
GF126-0017 
9100-2850 


5083-9081 
251=12—30=261 
250=12=30—210 
251=15=30=261 
582379-9 


66149-3 
5060-0115 


250-12-30-210 
Z291—12=30=261 


250-12-30-210 
250-12-30-210 
97097 

9553-1 
08412-60004 


6-11 


Replacable Parts Mode] 8412A 


Table 6-2. Replaceable Parts 


Reference 
Designation 


5040-0508 
5040-0444 
101794 
5020-0476 
08412-00025 


08412-00001 
08412-20013 
5020-3281 

01200-44703 
01200-60601 


08412-00003 
08412-00007 


08412-20016 
08412-00027 
08412-00017 
0905-0330 

00180-41207 


1400-0026 
1200-0408 
08412-00012 
08412-40003 
08412-20019 


08412-00002 
08412-00010 
08412-00011 
08412-00028 
08412-00018 


08412-20018 
08412-20023 
08412-20017 
08412-20021 
0520-0226 


7120-2330 
08412-20020 
0370-0151 
08412-40001 


CABINET PARTS 
NOTE 


STANDARD. INDICATES 8412A, INCLUDES 
MINT GRAY AND OLIVE BLACK FRONT PANEL 
AND OLIVE GRAY CABINFT. 


OPTION A85. INDICATES LITE GRAY AND 
BLACK FRONT PANEL. 


OPTION X95. INDICATES COMPLETE 8412A 
COLOR SCHEME- INCLUDES LITE GRAY AND 
BLACK FRONT PANEL & BLUE GRAY CABINET. 


SHIELD:LIGHT,OLIVE BLACK( STANDARD) 
SHIELD:LIGHTsBLACK NYLON(OPT A85,X95) 
CONTRAST IMPROVEMENT SCREEN 

BEZEL:SCRT 

PANEL:FRONTsMINT GRAY & GLIVE BLK(STD) 


PANEL: FRONT,LITE GRAY & BLK(OPT A85,X95 


SUB=PANEL:FRONT 
TRIM, NAMEPLATE 
SUPPORT:CRT SHIELD 
SHIELD:CRT 


SUPPORT:TOP CROSS 
FRAME:RIGHT SIDE 


SHIELD:PC BOARD 

COVER ASSY:TOP, OLIVE GRAY(STD) 
COVER ASSY:TOP, BLUE GRAY(OPT X95) 
SEAL "0" RING 2.164 ID 

BRACKET =:PLASTIC 


CLAMP :HOSE 


COVER PLATE:CRT SOCKETCRECOMMENDED REPL.) 


COVER:CRT REAR 
RETAINER:R=SHIELD 
SUB-PANEL : REAR 


PANEL: REAR 

COVER:HVPS RECTIFIER 

COVER:HVPS REGULATOR 

COVER ASSY:BOTTOM,OLIVE GRAY(STD) 
COVER ASSY:BOTTOM,BLUE GRAY(OPT X95) 


SCREW:ADAPTER (LONG) 

INSULATOR:HVPS 

SCREW:ADAPTER (SHORT) 

SPACER: INSULATOR SWITCH 

SCREW:FIL HD POZI DR 2-56 X 1.250" LG 


PLATE: IDENTIFICATION 

PIN EXTRACTOR 

KNOB:ROUND FOR 0.125" DIA SHAFT 
KNOB CONTROL 


See introduction to this section for ordering information 


Mfr Part Number 


5040-0508 
5040-0444 
10179A 
5020-0476 
08412-00025 


08412-00001 
08412-20013 
5020-3281 

01200-44703 
01200-60601 


08412-00003 
08412-00007 


08412-20016 
08412-00027 
08412-00017 
2-38N525-6 

00180-41207 


36H 
1200-0408 

08412-00012 
08412-40003 
08412-20019 


08412-00002 
08412-00010 
08412-00011 
08412-00028 
08412-00018 


08412-20018 
08412-20023 
08412-20017 
08412-20021 
O8D 


7120-2330 
08412-20020 
0370-0151 
08412-40001 
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Model 8412A 


Table 6-2. Reference Designation Index (Cont'd) 
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o 
peel 
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Replacable Parts Model 8412A 


Table 6-3. Code List of Manufacturers 


MANUFACTURER NAME ADDRESS 


U.eSeA-. COMMON ANY SUPPLIER OF U.S-A. 
AMP INC.(AIRCRAFT MARINE PROD.) HARRISBURG» PAe 
SANGAMO ELECTRIC CO.PICKENS DIV. PICKENS, S.C. 

ALLEN BRADLEY CO. MILWAUKEE, WIS. 


MOTOROLA SEMICONDUCTOR PROD.INC. PHOENIX, ARIZ. 
FAIRCHILD CAMERA & INST. CORP. SEMICONDUCTOR DIV. MOUNTAIN VYEWs, CALIF. 
NATIONAL SEMICONDUCTOR CORP. DANBURY, CONN. 
ELECTRA/MIDLAND CORP. MINERAL WELLS, TEX. 
SPECIALTY CONNECTOR CO. INC. INDIANAPOLIS, IND. 
HEWLETT-PACKARD COMPANY PALO ALTO, CALIF. 
SPRAGUE FLECTRIC CO. Ne. ADAMS, MASS. 
WITTEK MFG. CO. CHICAGO, ILL. 

GLOBE UNION INC. CENTRALAB DIV. MILWAUKEE, WISC. 
CHICAGO MINIATURE LAMP WORKS CHICAGO, Itt. | 
CINCH MFG. CO. DIV TRW INC. ELK GROVE VILLAGE, ILL. 
ELECTRO MOTIVE MFG. CQ. INC. WILLIMANTIC, CONN. 
EBY HUGH He. INC. PHILADELPHIA, PA. 
ERIE TECHNOLOGICAL PROD. INC. ERTE, PA. 
LITTELEUSE INC. DES PLAINES, ILL. 
CONTINENTAL=WIRT ELECTRONICS CORP. PHILADELPHIA, PA. 
ELECTRONIC INDUSTRIES ASSOCIATION WASHINGTON D.C. 
AIRCG SPEER ELECT. COMP. DU BOIS, PA. 

TRW CAPACITOR DIV. OGALLALA, NEBR. 
RADIO MATERIALS CO. CHICAGO, ILL. 

AUGAT INC. ATTLEBORO, MASS. 
SYLVANIA ELECTRIC PROD. INC. SEMICONDUCTOR DIV. WOBURN, MASS. 
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Model 8412A 


Section VII 


SECTION VII 
SCHEMATIC DIAGRAMS 


7-1. INTRODUCTION. 


7-2. The schematic diagrams in this section repre- 
sent the circuits electrically. They are not wiring 
diagrams, though wire colors are given where 
practical. 


7-3. The large numbers in the lower right corners 
of the schematics are the schematic numbers. These 
numbers are used to cross reference connections 
between schematics. Smaller numbers preceeded by 
A located below the schematic number list the assem - 
blies included in the schematic. 


7-4. Some of the general information obtainable 
from the schematic diagrams is shown in Figure 7-1. 
Notes and explanations of symbols pertaining to all 
the diagrams are contained in Figure 7-2. Figure 7-2 


Assembly 


Al RECTIFIER ASSY 
(08708-6001!) 


Assembly Solder 

Point Numbered 
Non-Plug-in 
Connection 
Information 


CRI 


| 
XA2 


Wire Color, Color Code same as Resistor Code 
sepa el First number identifies Base Color, Second 
Solder Point 


Not Numbered 


Assembly 
Designation Name 


a a NN 
A2 


Number identifies Wider Stripe, Third Number 
identifies Narrower Stripe. E.g., 947 denotes 
White, Yellow, Violet wire (MIL-STD-681). 


also contains the test setup and measurement con- 
ditions required to obtain the normal test point wave- 
forms and voltages noted on the schematic diagrams. 
Notes about specific components, circuits, or con- 
ditions are given on the diagram to which they apply. 


7-5. As an aidtofinding components and assemblies 
in the set of diagrams, each diagram has a box 
labelled Reference Designations that contains all the 
reference designations appearing on the diagram. 


7-6. An asterisk indicates a factory selected part; 
the component value shown is the typical or most 
commonly selected value. 


7-7. Component procurement information and 
specific component descriptions are included in 
Section VI. Refer to page 6-1 for information on how 
to order parts. 


REFERENCE DESIGNATIONS 
At. 2 
3 


C1 
Q1 


Assembly 
Part No. 


Reference 
Designation 
Index 


Socket Designation 
For A2 Assy. 


J3 not Mounted 
on Assembly A2 


oo 


Value selected Plug -in 
for best Operation Socket 
value shown is Connector 
Average or most Information 


Number indicates 
Pin of Socket (XA2) 


Commonly selected value 


Figure 7-1. General Information on Schematic Diagrams 


7-1 


Section VII Model 8412A 


Resistance is in ohms and capacitance is in microfarads unless otherwise noted. 
P/O = part of. 


*Asterisk denotes a factory-selected value. Value shown is typical. 
Capacitors may be omitted or resistors jumpered., 


Screwdriver adjustment. 

Panel control. 

Encloses front panel designations. 
Encloses rear panel designation. 


Circuit assembly borderline. 


Other assembly borderline. 


Heavy line with arrows indicates path and direction of main signal. 


Heavy dashed line with arrows indicates path and direction of main feedback. 


Wiper moves toward CW with clockwise rotation of control as viewed from shaft 
or knob. 


Numbers in circles on circuit assemblies show locations of test points. 


Encloses wire color code. Code used (MIL-STD-681) is the same as the 

resistor color code. First number indentifies the base color, second number 

the wider stripe, and the third number identifies the narrower stripe. E.g., 
denotes white base, yellow wide stripe, violet narrow stripe. 


: Ce) @ Voltage regulator (breakdown diode). 


CONDITIONS FOR WAVEFORMS AND DC VOLTAGES ON SCHEMATICS, 
For Model 8407A Network Analyzer Mainframe, 

1) Connect equipment as shown in test setup. 

2) Set 8407A controls as follows: 


DISPLAY REFERENCE CAL - Zero dB at top switch positions. 


DISPLAY REFERENCE - 10 dB/step switch at one position down from top (+10 dB), 
and 1 dB/step switch at top position (0 dB). 


REF CHANNEL LEVEL ADJ - Middle position. 
AMPL VERNIER - Midrange. 
PHASE VERNIER - Midrange. 


3) Set sweep oscillator controls for symmetrical sweep, 10 kHz or narrower sweep width, 
fast sweep mode, and output signal unmodulated. 


4) Adjust sweep oscillator RF output for an 8407A REF CHANNEL LEVEL meter indication 
in the middle of the OPERATE range. 


Figure 7-2. Schematic Diagram Notes (Sheet 1 of 3) 


Model 8412A Section VII 


TOM VIEW 


TEST SETUP U: Jl F2 


SWEEP OSCILLATOR 


S601 OR 86908186988 REAR PANEL 


DUAL-TRACE 
OSCILLOSCOPE 


DC DIGI 


— | SIDE VIEW 
e@ -f 


VERTICAL 
INPUT 


HIGH VOLTAGE 
-POWER SUPPLY 
RECTIFIER _ 


b. For Model 8410A Network Analyzer it~ aia 


1) Connect equipment as shown in tesmE 
2) Set 8410A controls as follows: 


FREQ. RANGE - Frequency to 
AMPLITUDE TEST CHANNEL G4 
AMPL VERNIER - Midrange. 
PHASE VERNIER - Midrange. 
SWEEP STABILITY - Adjust for h 


3) Set sweep oscillator controls XA3 
output signal unmodulated. 


SIDE VIEW 


4) Adjust sweep oscillator RF outpu 
in the middle of the OPERATE 


c. On Model 8412A Plug-in, set control 
MODE to DUAL. 
AMPL DB/DIV to 10. ‘ ; 
PHASE DEG/DIV to 90. | { ie dea a 
PHASE OFFSET polarity to+. 
DEGREES to zero. 
INTENSITY for moderate trace i 


Weded-o db ¢ 


Figure 7-2. Schem Figure 7-3. Location of Major Assemblies (Sheet 2 of 2) 
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Section VII Model 8412A 


Resistance is in ohms and capacitance is in microfarads unless otherwise noted. 
P/O = part of. 


*Asterisk denotes a factory-selected value. Value shown is typical. 
Capacitors may be omitted or resistors jumpered. 


Screwdriver adjustment. 

Panel control. 

Encloses front panel designations. 
Encloses rear panel designation. 


Circuit assembly borderline. 


Other assembly borderline. 


Heavy line with arrows indicates path and direction of main signal. 


Heavy dashed line with arrows indicates path and direction of main feedback, 


Wiper moves toward CW with clockwise rotation of control as viewed from shaft 
or knob. 


Numbers in circles on circuit assemblies show locations of test points. 


Encloses wire color code. Code used (MIL-STD-681) is the same as the 

resistor color code, First number indentifies the base color, second number 

the wider stripe, and the third number identifies the narrower stripe. E.g., 
denotes white base, yellow wide stripe, violet narrow stripe. 


Ce) @ Voltage regulator (breakdown diode). 


CONDITIONS FOR WAVEFORMS AND DC VOLTAGES ON SCHEMATICS, 


For Model 8407A Network Analyzer Mainframe, 
1) Connect equipment as shown in test setup. 
2) Set 8407A controls as follows: 


DISPLAY REFERENCE CAL - Zero dB at top switch positions. 


DISPLAY REFERENCE - 10 dB/step switch at one position down from top (+10 dB), 
and 1 dB/step switch at top position (0 dB). 


REF CHANNEL LEVEL ADJ - Middle position. 
AMPL VERNIER - Midrange. 
PHASE VERNIER - Midrange. 
3) Set sweep oscillator controls for symmetrical sweep, 10 kHz or narrower sweep width, 
fast sweep mode, and output signal unmodulated. 


4) Adjust sweep oscillator RF output for an 8407A REF CHANNEL LEVEL meter indication 
in the middle of the OPERATE range. 


Figure 7-2. Schematic Diagram Notes (Sheet 1 of 3) 
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Model 8412A 


TEST SETUP USING 8407A MAINFRAME 


SWEEP OSCILLATOR 


8601A OR 8690B/8698B ae 


HeEn © See8 
000 0 


DUAL-TRACE 
OSCILLOSCOPE 


VERTICAL 
INPUT 


For Model 8410A Network Analyzer Mainframe, 


1) Connect equipment as shown in test setup. 
2) Set 8410A controls as follows: 


REF CHANNEL 
DIRECT 


TEST CHANNEL 
DIRECT 


FREQ. RANGE - Frequency to match sweep oscillator. 


AMPLITUDE TEST CHANNEL GAIN - 55 dB. 


AMPL VERNIER - Midrange. 
PHASE VERNIER - Midrange. 


SWEEP STABILITY - Adjust for best phase lock. 


NETWORK ANALYZER 
8407A 


10:1 VOLTAGE 
DIVIDER PROBE 


3) Set sweep oscillator controls for symmetrical sweep over narrowest band possible and 


output signal unmodulated. 


4) Adjust sweep oscillator RF output for an 8410A REF CHANNEL LEVEL meter indication 


in the middle of the OPERATE range. 


c. On Model 8412A Plug-in, set controls as follows: 


MODE to DUAL. 

AMPL DB/DIV to 10. 

PHASE DEG/DIV to 90. 

PHASE OFFSET polarity to+. 
DEGREES to zero. 

INTENSITY for moderate trace intensity. 


Figure 7-2. Schematic Diagram Notes (Sheet 2 of 3) 


OSCILLOSCOPE 


TEST SETUP USING 8410A MAINFRAME 


SWEEP OSCILLATOR 
8601A OR 8690B NETWORK ANALYZER 


e e e 
coco [SE © fase 
oD» 000 0 


SWEEP OUT SERVICE 
: CABLE 


TRANSDUCER 
8740A, 8741A, 
8742A,, 8743A, 8745A 


DUAL-TRACE 
DC DIGITAL VOLTMETER 


e@-: 


eee 10:1 VOLTAGE 
DIVIDER PROBE 
= 


Figure 7-2. Schematic Diagram Notes (Sheet 3 of 3) 


TOP VIEW 


Ll XAl 
Figure 7-3. Location of Major Assemblies (Sheet 1 of 2) 


XA4 


A-MP 582370-0 


A5 


HIGH VOLTAGE 
POWER SUPPLY 
REGULATOR 


BOTTOM VIEW 


XAl 


Section VII 


HIGH VOLTAGE 
POWER SUPPLY 
RECTIFIER 


Figure 7-3. 


Location of Major Assemblies (Sheet 2 of 2) 
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Model 8412A 


AMPLITUDE 
CALIBRATION 


Check calibration of amplitude 
trace in all positions by AMPL 


r PHASE Trouble is in Al or PHASE DB/DIV switch by adjusting 


Perform calibration of A7 log 
in A4. DEG/DIV switch in A4. 


converter and A3 multiplexer 
and Vertical Amplifier. 


8407A DISPLAY REFERENCE 
switches or 8410A TEST 
CHANNEL GAIN controls. 


YES 


3 or MODE PHASE CALIBRATION 


Check calibration of phase 
trace in all positions of 
PHASE DEG/DIV switch by 
adjusting DEGREES switch. 


To check the 1 DEG/DIV 
calibration, set switch to NO Perform calibration of Al 


led oscillo- 


*LAY REF- 
s or 8410A Trouble is in A7 or AMPL 1 DEG/DIV, adjust 8407A or phase detector and A3 multi- 
ZAIN con- DB/DIV switch in A4. 8410A PHASE VERNIER to plexer and vertical amplifier. 
3 and oscil- place the trace at the top CRT 


graticule line. 
Set the switch to 10 DEG/DIV 


ild move up 
‘dB. 


ES and trace should be two small YES 
graticule lines above the Checkout Complete 
center line. d 


3 or MODE 


CRT VERTICAL 
SWEEP 


Check signal at XA3-4 with dc- 


Check waveforms at CRT coupled oscilloscope. 


Pins 10 and 11 with dc-coupled 


er A5 or A6. 


oscilloscope. Traces at both 
pins should be close to the 
same de voltage above the 
zero-volt reference and wave- 
forms should be as shown on 
block diagram. 


CRT probably defective 


Change mainframe test channel 
gain (DISPLAY REFERENCE 
on 8407A or TEST CHANNEL 
GAIN on 8410A) and amplitude 
trace should move up or down 
in linear steps. 


Check signal at XA3-D with dc- 
coupled oscilloscope. 


Trouble is in A7. 


CRT Pins 2 Change DEGREES switch po- Troublenisnnt ale 
spect high- sition and phase trace should 

tor in Ad. If move up or down in linear 

CRT Pin 3 is steps. 


| blanking 


Check for correct waveform at 
XA3-E with oscilloscope. 


Trouble is in A3 Vertical de- 
flection amplifier or chopper. 


Trouble isin A3 blanking or 
chopper-circuit. 


Model 8412A Section VII 


ee 


ja, | AMPLITUDE | 
TEST SETUP WI|;——X_ | Wo mvia) 
2p Pase 
SWEEP OSCILLATOR 1 (10 mV/DEG) | 
__ 8601A OR 8690B/86988 REAR PANEL = es oe 
_ a | PLEXER aera oerlz 
22 2.9 Br anes 7 |+1lovDC e ~~ |+1avoc 
e@ © @ e/e pve | | Wr 
cos Sa 7 4 \+2vde Py Feet OG 


as ooo°0o oF | 


SWEEP OUT RF OUT b 


23KHz es Ny 23KHz 
DUAL-TRACE / ; i 
OSCILLOSCOPE |- - - |+72VDC (me me — — + 96VDC 
DC DIGITA i 


|) YY |s6svoc 


23KHz 


TEST SETUP WIT 


f CRT 
SWEEP OSCILLATOR } — é 7 
8601A OR 8690B / 10 ll 
J 4 
28 8 83 
bd ee 8 @ e | 
ees SEE ZEesee 2 Ll 
°> 000 OF} 
SWEEP OUT I 
6.3 VAC 
TRANSDUCER 
8740A, 8741A, FROM Tl 
8742A, 8743A, 8745A 
-2950V 
/ 
. | 
/ 2 | 
i \ 
=a O 
8 FOCUS 
DUAL-TRACE AS 
OSCILLOSCOPE 
ts ASTIGMATISM 
VERTICAL 
INPUT 
Figure 7-5. Test Setup for Tro Figure 7-6. Detailed Block Diagram 
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NOTE 


The following procedure refers to waveforms and voltages at key test 
points which are shown on the overall logic diagram in Figure 7-6. 


Remove covers from 812A and connect it to mainframe through 
service cable. ‘ 


Connect equipment as shown in test setup. 


Set sweep oscillator for swept mode over narrowest sweep width 
possible. 


On 8412A, set controls as follows: 
MODE TO DUAL. 
AMPL DB/DIV to 10. 
PHASE DEG/DIV to 90. 
PHASE polarity to +. 
DEGREES to zero. 
INTENSITY for moderate trace intensity. 


On 8407A, set controls as follows: 

REF CHAN LEVEL ADJ to middle position. 

DISPLAY REFERENCE CAL to zero dB at top. 

DISPLAY REFERENCE to +10 dB (one step down from top on 
10 dB/step switch). 

AMPL VERNIER and PHASE VERNIER centered. 


On 8410A, set controls as follows: 
FREQUENCY RANGE - to match sweep oscillator frequency 
SWEEP STABILITY - for best phase lock. 

AMPL VERNIER and PHASE VERNIER - centered. 
AMPLITUDE TEST CHANNEL GAIN - 55 dB. 


FUSE BLOWN 


Adjust signal source RF output 
and mainframe controls as 


necessary to obtain an OPER- 
ATE indication at the main- 
frame réference channel level 
meter, 


Check for 278 kHz signal, 
> 1L5V peak-to-peak at XA10-1, 
>1.0V (8407A) or >0.04V 
(8410A) peak-to-peak signal at 
XAQ9-1, and >1.8V peak-to- 
peak signal at XA2-12. 


Check for >5V peak-to-peak 
signal at connector J2 
(SWEEP IN). 


AMPLITUDE YES 
AUXILIARY 
OUTPUT 


8407A or 8410A mainframe 
defective or not phase locked 
properly, or interface wiring 
open or shorted. 


Sweep oscillator defective. 


CRT 
DISPLAY 


Set signal source for swept mode over narrowest sweep width possible. INCORRECT OR NO 


On 8412A, set controls as follows: PHASE TRACE 
MODE to DUAL 

AMPL DB/DIV to 10 

PHASE DEG/DIV to 90 

PHASE polarity to + 

DEGREES to 160 


INTENSITY for moderate trace intensity. 


On 8407A, set controls as follows: 
REF CHAN LEVEL ADJ to middle position 
DISPLAY REFERENCE CAL to zero dB at top 
DISPLAY REFERENCE to +10 dB (one step down from top on 
10 dB/step switch.) 
AMPL VERNIER and PHASE VERNIER centered 


On 8410A, set controls as follows: 


FREQUENCY RANGE - to match sweep oscillator frequency 

SWEEP STABILITY - for best phase lock 

AMPL VERNIER and PHASE VERNIER - centered 

AMPLITUDE TEST CHANNEL GAIN - 55 dB INCORRECT OR NO 


Both amplitude and phase traces should be displayed as shown below. AMPLITUDE 
Relative position of traces on CRT may be different to that shown, TRACE 

If one trace is missing, adjust mainframe AMPLITUDE VERNIER and 

PHASE VERNIER controls to determine which trace is displayed and 

which one is missing. 


Check for correct waveforms 
at XA3-1 and XA3-A with de- 
coupled oscilloscope, 


NOTE 


If phase section of trace is too 
far from zero reference it may 
be deflected off screen. 


Trouble is in CRT. 


Check for correct waveforms 
at XA3-1 and XA3-A with de- 
coupled oscilloscope. 


NOTE 


If amplitude section of traceis 
too far from zero reference, it 
may be deflected off screen. 


Trouble is in Al or PHASE 
DEG/DIV switch in A4. 


Trouble isin A3 or MODE 
switch in A4. 


Connect dc-coupled oscillo- 
scope to XA3-4. 


Adjust 8407A DISPLAY REF- 
ERENCE switches or 8410A 
TEST CHANNEL GAIN con- 
trols through 10 dB and oscil- 
loscope trace should move up 
or down by 50 mV/dB. 


Check fuses Fl and F2. 


FUSES OK 


POWER FROM 
MAINFRAME 


Check for +20.0 Vde +0.1 Vdc 
at Ji-4, -20 Vde +0.1 Vde at 
J1-6 with DVM and 450V =50V 
peak-to-peak at J1-20 with 
oscilloscope. 


LOW VOLTAGE 
POWER SUPPLY 


Check for +6 Vde +0.3 Vdc at 


A8TP1, -6 Vde +0.3 Vde at 
A8TP3, and +120 Vde +15 Vdc 
at A8STP4 with DVM. 


Figure 7-4. Troubleshooting Tree 
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Troubleshoot fused circuit for 
cause of overload. 


8407A or 8410A mainframe 
defective, or short in 8412A. 
Disconnect 8412A from main- 
frame and isolate trouble to 
either the plug-in or main- 
frame. If short is in 8412A, 
remove all plug-in boards and 
reinsert, one at a time, until 
the shorted board is found. 


If either +6 Vde or -6 Vdc is 
slightly out of tolerance, ad- 
justment of A8R4 (+6V ADJUST) 
control may be necessary. If 
both + and - 6 Vdc is out of 
tolerance or zero, remove A8 
board and check for 18 Vdc be- 
tween XA8-D (+) and XA8-1 (-) 
with DVM. If +18 Vdcis pres- 
ent, transformer Tl, recti- 
fiers, and 18 Vdc filteris good. 
Trouble is either A8 or short 
on + or - 6 Vdc line. 


NOTE: Both + and - line must 


be loaded approximately equal 
or regulator circuit in A8 will 
not operate properly. 


If +120Visnotpresent, remove 
A8& board, short together 
XA811 and XA8-12, then check 
for +90 Vdc +9 Vde at XA8-11. 
If correct voltage present, 
trouble probably is filter A8C4. 
If incorrect voltage present, 
trouble probably is short on 
+120V line, diodes CR3 or 
CR4, or transformer Tl. 


Set sweep oscillator for single 
frequency (CW) operation. 
Check for amplitude signal at 


rear panel AMPLITUDE Check de voltage at XA7-1 with 


(50 MV/DB) connector with 
DVM. Change mainframe 
DISPLAY REFERENCE (8407A) 
or AMPLITUDE TEST CHAN- 
NEL GAIN (8410A) controls 
and DVM indication should 
change at 50 mV/dB (+3% of 
DVM reading). 


PHASE AUXILIARY 
OUTPUT 


Check for phase signal at 8412A 
rear panel PHASE (10 mV/ 
degree) connectors with DVM. 
Change DEGREES switch po- 


DVM. Change mainframe am- 
plitude test channel gain con 
trol and voltage should change 
between 0 and +9 Vde +0.9 Vde 
in non-linear steps. 


Trouble is in A7. 


Check for 0.9V +0.3V peak- 
to-peak, 278 kHz square wave 
signal at XA10-11 with 
oscilloscope. 


Trouble is in Al0. 


Check for 0.9V +0.3V peak-to- 
peak, 278kHz square wave sig- 
nalat XA1-1 with oscilloscope. 


INCORRECT OR NO 


HORIZONTAL 
SWEEP 
NO DISPLAY. 
nas CRT 
Trouble is in A9. VOLTAGES 


Trouble is in CRT. 


Trouble is horizontal deflection 
amplifier in A3, front panel 
HORIZ GAIN control, or 
HORIZ POS control. Trace 
horizontal waveform through 
these components. 


Check for -2800 Vde +310 Vde at CRT Pin 3, -3000 Vde +360 Vdc 
at CRT Pin 2, and +68|Vde +3 Vde at CRT Pin 8. Check for range 
of -2100 Vde to -2600 Vde at CRT Pin4 when front panel FOCUS 
control is adjusted through its range. Check for typically +70 Vdc 
at CRT Pin9, however, depending on setting of astigmatism control, 
it may be -17 Vde to +125 Vdc. 


Remove high-voltage fuse F2 to 


disable high voltage, then check for 6,3 Vac (or 18V peak-to-peak) 


between CRT Pins 1 and 14. 


Trouble is in A9. 


Reinstall fuse F2. 


Trouble is in A3 or MODE 
switch in A4, 


Trouble is in either A5 or A6. 
If voltage at both CRT Pins 2 
and 3 is low, suspect high- 
voltage oscillator in A5. If 
only voltage at CRT Pin 3 is 
low, check Z-axis blanking 
circuit in A5. 


sition and DVM should change 
0.2 Vde per 20 degree step 
(43% of DVM reading). 


Check for 0.9V +0.3V peak-to- 
peak, 278 kHz square wave sig- 
nalat XA1-N with oscilloscope. 
Change setting of DEGREES 
switch and the square-wave 
symmetry should change be- 
tween 40/60 and 10/90 percent. 


NO 


Trouble isin A2 or PHASE 
+ polarity or DEGREES 


YES 
Trouble is in Al. 


Check waveforms at CRT 
Pins 6 and 7 with de-coupled 
oscilloscope. Both traces 
should be the same dc voltage 
above the zero-volt reference 
and waveform should be as 
shown on block diagram. 


Trouble is probably horizontal 
deflection amplifier in A3, 
front panel HORIZ GAIN con- 
trol, or HORIZ POS control. 


If shorted CRT is suspected, 
remove CRT socket from CRT 
and check waveform again at 
socket pins. 


Trouble 


is in Al or PHASE 


DEG/DIV switch in A4, 


Trouble 


is in A7 or AMPL 


DB/DIV switch in A4. 


CRT VERTICAL 


SWEEP 


Check waveforms at CRT 
Pins 10 and 11 with de-coupled 
oscilloscope. Traces at both 
pins should be close to the 
same de voltage above the 
zero-volt reference and wave- 
forms should be as shown on 
block diagram. 


CRT probably defective 


AMPLITUDE 
CALIBRATION 


Check calibration of amplitude 
trace in all positions by AMPL 
DB/DIV switch by adjusting 


8407A DISPLAY REFERENCE 
switches or 8410A TEST 
CHANNEL GAIN controls. 


YES 


PHASE CALIBRATION 


Check calibration of phase 
trace in all positions of 
PHASE DEG/DIV switch by 
adjusting DEGREES switch. 


To check the1 DEG/DIV 
calibration, set switch to 
1 DEG/DIV, adjust 8407A or 
8410A PHASE VERNIER to 
place the trace at the top CRT 
graticule line. 


Set the switch to 10 DEG/DIV 
and trace should be two small 
graticule lines above the 
center line. 


Model 84124 


Perform calibration of A7 lo 
converter and A3 multiplexer 
and Vertical Amplifier 


Perform calibration of A 
phase detector and A3 multi 


plexer and vertical amplifier 


YES 
Checkout Complete 


Check signal at XA3-4 with de- 
coupled oscilloscope, 


Change mainframe test channel 
gain (DISPLAY REFERENCE 
on 8407A or TEST CHANNEL 
GAIN on 8410A) and amplitude 
trace should move up or down 
in linear steps. 


Check signal at XA3-D withdc- 
coupled oscilloscope. 


Change DEGREES switch po- 
sition and phase trace should 
move up or down in linear 
steps. 


YES 


Check for correct waveform at 
XA3-E with oscilloscope. 


YES 


Trouble is in A3 Vertical de- 


flection amplifier or chopper. 


Trouble is in A7. 


Trouble is in Al. 


Trouble isin A3 blanking or 
chopper-circuit. 
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Section VII 


THEORY FOR PHASE OFFSET A2 


A2 PHASE OFFSET 


The phase offset circuit delays the phase of the reference channel signal. The 
circuit consists of a 180-degree electronic switch and a phase delay system. 


180-DEGREE SWITCH 


The reference channel signalis applied through emitter follower Q1 to a double- 
pole, double throw electronic switch composed of Q2-Q5. The switch applies 
the signal and its ground to the inputs of differential amplifier Q6-Q8. When 
the signal and ground are reversed at the inputs, a 180-degree phase shift 
occurs. The positive PHASE OFFSET switch position applies +6 Vdc to the 
bases of Q2-Q5, closing Q2 and Q5, and opening Q3 and Q4, so that the signal 
is applied to Q6 and the ground to Q7. A negative PHASE OFFSET switch 
position applies +6 Vdc to Q2-Q5, reversing the switch. 


SQUARING CIRCUIT 


The signal is filtered at test point (1) and then it is squared by R-S flip-flop 
IC1-FF1. The Q output of IC1-FF1 at test point (3) is differentiated and applied 
to the reset input of IC1-FF2. 


PHASE DELAY MULTIVIBRATOR 


The phase delay through FF2 is the time between a positive going R (reset) input 
and a positive going Q output at test point (5). The Q output goes to its low state 
(-1.5 Vdc) when the R input crosses a -1.1 Vdc threshold in a positive direc- 
tion. The Q output goes to its high state (zero Vdc) when the S (set) input 
crosses the -1.1 Vdc threshold in a positive direction. Hence the phase delay 
is the proportion of a period between reset and set inputs, when the Q output is 
in its low State. 


PHASE DELAY TO VOLTAGE CONVERTER 


During the time that the @ output of FF2 is low, the current in R31 is switched 
by Q10 and Q11A through R29 and R28. A current precisely equal to that in R31 
and R34 is drawn through the phase offset resistors on A4. These resistors are 
each precisely 1/10 of R28 and R29. Each time one resistor is switched in or 
out, the proportion of time changes that the Q output of FF2 is low. This also 
changes the phase delay by 1/18. One eighteenth of 360 degrees is 20 degrees 
for each resistor. There are nine resistors so there is 180 degrees of possible 
phase delay. With the 180 degree (+) switch to select either 180-degree seg- 
ment, a full 360 degrees of phase offset is possible. R28 is adjustable to set 
the current through R28 and R29. R30 is a fixed delay to match the test and 
reference phases but does not affect the switched offset. 


FEEDBACK AMPLIFIER 


The time for set input to follow reset input depends upon the rate at which 
current source Q14 charges capacitor C15. The current from Q14 is con- 
trolled by feedback amplifier Q12 and Q13. The feedback amplifier compares 
the voltage set by the resistors of the PHASE OFFSET DEGREES switch to a 
voltage at test point (6) which is proportional to the phase delay and drives Q14 
so that the phase delay is correct. 


FIXED CURRENT SOURCE 


Q15 always passes enough current to C15 to be sure FF2 sets between resets. 
R44 adjusts this current. 


Model 8412A 
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THEORY FOR PHASE OFFSET A2 


A2 PHASE OFFSET 


The phase offset circuit delays the phase of the reference channel signal. The 
circuit consists of a 180-degree electronic switch and a phase delay system. 


180-DEGREE SWITCH 


The reference channel signalis applied through emitter follower Q1 to a double- 
pole, double throw electronic switch composed of Q2-Q5. The switch applies 
the signal and its ground to the inputs of differential amplifier Q6-Q8. When 
the signal and ground are reversed at the inputs, a 180-degree phase shift 
occurs. The positive PHASE OFFSET switch position applies +6 Vdc to the 
bases of Q2-Q5, closing Q2 and Q5, and opening Q3 and Q4, so that the signal 
is applied to Q6 and the ground to Q7. A negative PHASE OFFSET switch 
position applies +6 Vdc to Q2-Q5, reversing the switch. 


SQUARING CIRCUIT 


The signal is filtered at test point (1) and then it is squared by R-S flip-flop 
IC1-FF1. The Q output of IC1-FF1 at test point (3) is differentiated and applied 
to the reset input of IC1-FF2. 


PHASE DELAY MULTIVIBRATOR 


The phase delay through FF2 is the time between a positive going R (reset) input 
and a positive going Q output at test point (5). The Q output goes to its low state 
(-1.5 Vdc) when the R input crosses a -1.1 Vde threshold ina positive direc- 
tion. The Q output goes to its high state (zero Vdc) when the S (set) input 
crosses the -1.1 Vdc threshold in a positive direction. Hence the phase delay 
is the proportion of a period between reset and set inputs, when the Q output is 
in its low state. 


PHASE DELAY TO VOLTAGE CONVERTER 


During the time that the Q output of FF2 is low, the current in R31 is switched 
by Q10 and Q11A through R29 and R28. A current precisely equal to that in R31 
and R34 is drawn through the phase offset resistors on A4. These resistors are 
each precisely 1/10 of R28 and R29. Each time one resistor is switched in or 
out, the proportion of time changes that the Q output of FF2 is low. This also 
changes the phase delay by 1/18. One eighteenth of 360 degrees is 20 degrees 
for each resistor. There are nine resistors so there is 180 degrees of possible 
phase delay. With the 180 degree (+) switch to select either 180-degree seg- 
ment, a full 360 degrees of phase offset is possible. R28 is adjustable to set 
the current through R28 and R29. R30 is a fixed delay to match the test and 
reference phases but does not affect the switched offset. 


FEEDBACK AMPLIFIER 


The time for set input to follow reset input depends upon the rate at which 
current source Q14 charges capacitor C15. The current from QJ14 is con- 
trolled by feedback amplifier Q12 and Q13. The feedback amplifier compares 
the voltage set by the resistors of the PHASE OFFSET DEGREES switch to a 
voltage at test point (6) which is proportional to the phase delay and drives Q14 
so that the phase delay is correct. 


FIXED CURRENT SOURCE 


Q15 always passes enough current to C15 to be sure FF2 sets between resets. 
R44 adjusts this current. 
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Figure 7-7. Parts Location for Phase Offset A2 


A2 PHASE OFFSET (08412-60002) 


oe ene A A A EI 
| / 
-— 180-DEGREE SWITCH Se SQUARING CIRCUIT / 


Section VII 


PHASE DELAY MULTIVIBRATOR-——., 


1820 0218 


PIOAd 
: +6 VF 278kHz -0.3VDC 
= PHASE ee P VAVA -2V0€ 
fe) 1c 1 
ie 7 R19 eae. eae por: 
La es 1,96K 1 96-4 ! 
otal Py rr 
~~” HH 
ea (ote arn. ~6VE ae 
ace Na gs aie oe Lee 1100 pF 
| 
Cera “OV .05L 100uH 05 Chg 
; 7 | +15.7 mV 05 560 pri 
eg tear Sees 
R21 
1K 


278kHz 


278 kHz PHASE 

REFERENCE 
FROM i +6 VF 

MAINFRAME f ; Ree 


6} 1.42V 


= 1.47K 


XA2 XAl 
| 278 KHz 
: 1 ~N PHASE 
\ | REFERENCE 
278kKHZ 
——.— |-0.9vpc 
R25 |-1, 8VDC 


-789 mV 


278kKHZ 


cls -0.2VDC 
200 pF L—_j-_] 


CR3 


CR4 


CR5 


FIXED 
\—— CURRENT ——“ 


SOURCE 


IPE 900mV P-P 
‘4 é r1.2vDc 
pe AVG. 
a | 
R26 Te GES ee DO ce ae ore | 
PIN LOCATION 100 PIO Ad Bm) 32 
OF FULL-MODULE 1C --——___--  eD 4 
Cat eS 6_|+ R284 % PHASE r-r---- Ses, 
R27 [ 1 1m Te Jain ee See, eee 
7 | are \ | 5. 11K 
P10 P/O : 
bon RBM AeK R29 wohl | Pi0 PIO | Fe pHASE! | 100 O_| axa ax2 
re 174K «1K? @ PHASE XA2 XAd ety ipsam (EGREES R42 
PIN LOCATION BALANCE live SUN aes 2 hes 7.5K 
OF HALF-MODULE IC iT ve i aa ° 
T6543 2ie §- -Ki5€---- at 100 30] ol ‘ 
cl7 +1 C18 C5) Gor San re 14 
T-% T 0:33 | Kf 1 ch | 100 [100] Q13A/Q13B |+5-29V 1853-0050 
a = 1 ee *5.88V) 1954-04 
Erte a Ka Xe +5.29V 
aalae es eal aa ‘ { 4, 69 C23 
i + 
Peel QUIA/QUIB eel x Le é ett ae _ G40] 4 +4.05v | T3000F 
(7 / 1854-0295 , yaa ae | + | | ___ 27ektiz ee 
| = l 
-789 mV -1.56V C 4 1 130mV P-P 
NSS R33 82 ie ——— | 4, 96v0c 
| Raa Bir ae ! cae AVG. . 
i R4l 
= 1.30K $3 = 
7 at Q12A/0128 $ 61. 9K 
| ——————E—EE—E—— EE +4.69V a 0475 |[+4.69V 
+4.96V, ¢ 
4 43.31V % Bie 
R40 
19. 6K 
1 
1 


8412A Phase Offset Assy Serial Prefix 1144A 


PHASE DELAY TO VOLTAGE CONVERTER 9————————“ 


FEEDBACK AMPLIFIER a 


NOTES 


SEE FIGURE 7-2 FOR 
MEASUREMENT CONDITIONS 


AND TEST SETUP TO 
OSTAIN WAVEFORMS AND 
VOLTAGES SHOWN, 


A2 


Figure 7-8. Phase Offset A2, Schematic Diagram 
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PHASE DETECTOR 


The test phase signal from A9 is applied at test point (1) and passes through a 
differentiating network to one input of J-K flip-flop IC1 thatis used as a bi-stable 
multivibrator. The reference phase signal from A2 is applied at test point (3) 
to the other input of IC1. The output of IC1 at test point (4) is a square wave, 
going up on a reference signal zero crossing and down on a phase signal zero 
crossing. The symmetry of the square wave is an indication of the phase 
difference between channels. 


PHASE -TO-VOLTAGE CONVERTER 


The square wave Symmetry is converted to a dc voltage at test point (5) as 
follows. The current from constant current source Q4 is switched through Q2 
only when test point (4) is down. This switched current is filtered by the L-C 
network (C6, C7, and L5). Current source Q3 is adjusted by R6 to have exactly 
half the current in Q4. With a symmetrical square wave, the filtered current 
through Q2 and the current through Q3 are equal and the voltage at test point (5) 
is zero because there is no current flowing in R17 and R18. (A symmetrical 
Square wave means that the reference and test signals are in phase because a 
constant 180° phase shift has been added to the test phase in A9.) When the 
Square wave is not symmetrical, current through R17 and R18 gives a voltage 
calibrated by R18, sothat 10 mV is equivalent to one degree of phase difference. 
This de voltage is applied to the rear panel PHASE 10 mV/DEG output. The 
bandwidth is changed by the BW (kHz) switch that grounds pin 8 so that C8 and 
C9 apply 100 Hz low-pass filtering at the junction of C8, R17, R20 and R21. 


RESOLUTION CONTROL 


A PHASE DEG/DIV switch changes the feedback resistor from output to input of 
IC2 setting the gain of the phase channel. This switches the resolution of the 
CRT phase display. 
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THEORY FOR PHASE DETECTOR Al 


PHASE DETECTOR 


The test phase signal from A9 is applied at test point (1) and passes through a 
differentiating network to one input of J-K flip-flop IC1 thatis used as a bi-stable 
multivibrator. The reference phase signal from A2 is applied at test point (3) 
to the other input of IC1. The output of IC1 at test point (4) is a square wave, 
going up on a reference signal zero crossing and down on a phase signal zero 
crossing. The symmetry of the square wave is an indication of the phase 
difference between channels. 


PHASE -TO-VOLTAGE CONVERTER 


The square wave Symmetry is converted to a dc voltage at test point (5) as 
follows. The current from constant current source Q4 is switched through Q2 
only when test point (4) is down. This switched current is filtered by the L-C 
network (C6, C7, and L5). Current source Q3 is adjusted by R6 to have exactly 
half the current in Q4. With a symmetrical square wave, the filtered current 
through Q2 and the current through Q3 are equal and the voltage at test point (5) 
is zero because there is no current flowing in R17 and R18. (A symmetrical 
Square wave means that the reference and test signals are in phase because a 
constant 180° phase shift has been added to the test phase in A9.) When the 
square wave is not symmetrical, current through R17 and R18 gives a voltage 
calibrated by R18, sothat 10 mV is equivalent to one degree of phase difference. 
This de voltage is applied to the rear panel PHASE 10 mV/DEG output. The 
bandwidth is changed by the BW (kHz) switch that grounds pin 8 so that C8 and 
C9 apply 100 Hz low-pass filtering at the junction of C8, R17, R20 and R21. 


RESOLUTION CONTROL 


A PHASE DEG/DIV switch changes the feedback resistor from output to input of 
IC2 setting the gain of the phase channel. This switches the resolution of the 
CRT phase display. 
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Figure 7-10. Phase Detector Al, Schematic Diagram 
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THEORY FOR MULTIPLEXER AND DEFLECTION AMPLIFIER A3 


CRT DEFLECTION 


The phase information from phase detector Al and the amplitude information 
from log converter A7 are multiplexed by a free-running multivibrator, 
Q13 and Q14. The two multivibrator outputs alternately switch Q2 and Q3 cur- 
rent sources, which alternately operate the amplitude (Q7 and Q8) and the phase 
(Q9 and Q10) differential amplifiers. The differential amplifiers operate in 
cascade with Q1 and 4 to produce the deflection voltages. VERT. DEFL. ADJ. 
R23 calibrates the vertical deflection gain of the circuit to match the CRT. 
Adjustments R24 and R25 position the amplitude and phase traces at the center 
of the screen. The horizontal deflection amplifier is Q6 and Q7. 


CHOPPER 


In DUAL position, the multivibrator is allowed to operate free-running by re- 
turning both bases to -6 Vdc. However, in AMPL (amplitude) position, -6 Vdc 
is only applied to the base of Q14, turning it on, turning Q13 off, and holding 
them in that state. This turns Q2 on and Q3 off, allowing only the amplitude 
signal to be applied to the CRT. When the MODE switch is in PHASE position, 
-6 Vde is applied only to the base of Q13, turning Q13 on and Q14 off. This 
allows only the phase signal to be applied to the CRT. 


CHOPPER BLANKING 


The multivibrator outputs are also coupled to blanking amplifiers Q11 and Q12, 
which provides the chopper blanking signal to high-voltage power supply Ad. 
This blanks the screen on transition between amplitude and phase. 
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Figure 7-12, Multiplexer and Deflection Amplifier A3, 
Schematic Diagram 
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THEORY FOR MULTIPLEXER AND DEFLECTION AMPLIFIER A3 


CRT DEFLECTION 


The phase information from phase detector Al and the amplitude information 
from log converter A7 are multiplexed by a free-running multivibrator, 
Q13 and Q14. The two multivibrator outputs alternately switch Q2 and Q3 cur- 
rent sources, which alternately operate the amplitude (Q7 and Q8) and the phase 
(Q9 and Q10) differential amplifiers. The differential amplifiers operate in 
cascade with Q1 and 44 to produce the deflection voltages. VERT. DEFL. ADJ. 
R23 calibrates the vertical deflection gain of the circuit to match the CRT. 
Adjustments R24 and R25 position the amplitude and phase traces at the center 
of the screen. The horizontal deflection amplifier is Q6 and Q7. 


CHOPPER 


In DUAL position, the multivibrator is allowed to operate free-running by re- 
turning both bases to -6 Vdc. However, in AMPL (amplitude) position, -6 Vdc 
is only applied to the base of Q14, turning it on, turning Q13 off, and holding 
them in that state. This turns Q2 on and Q3 off, allowing only the amplitude 
Signal to be applied to the CRT. When the MODE switch is in PHASE position, 
-6 Vde is applied only to the base of Q13, turning Q13 on and Q14 off. This 
allows only the phase signal to be applied to the CRT. 


CHOPPER BLANKING 


The multivibrator outputs are also coupled to blanking amplifiers Q11 and Q12, 
which provides the chopper blanking signal to high-voltage power supply A5. 
This blanks the screen on transition between amplitude and phase. 
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Figure 7-12. Multiplexer and Deflection Amplifier A3, 
Schematic Diagram 
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THEORY FOR PHASE OFFSET AND FUNCTION SWITCH A4 


PHASE OFFSET SWITCH 


The two phase offset switches work together to select the desired phase offset. 
The phase offset polarity is selected by the + phase offset switch and the phase 
offset magnitude by the PHASE OFFSET DEGREES switch. 


AMPL DB/DIV_ SWITCH 


The AMPL DB/DIV switch controls the display amplitude resolution by supplying 
the feedback resistor for ATIC3. 


PHASE DEG/DIV SWITCH 


The PHASE DEG/DIV switch controls the display phase resolution by supplying 
the feedback resistor for A1IC2. 


MODE SWITCH 


The MODE switch controls the multivibrator-chopper in A3. 
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4 THEORY FOR PHASE OFFSET AND FUNCTION SWITCH A4 


PHASE. OFFSET SWITCH 
The two phase offset switches work together to select the desired phase offset. 


The phase offset polarity is selected by the + phase offset switch and the phase 
offset magnitude by the PHASE OFFSET DEGREES switch. 


AMPL DB/DIV_ SWITCH 


The AMPL DB/DIV switch controls the display amplitude resolution by supplying 
the feedback resistor for AT7IC3. 


PHASE DEG/DIV SWITCH 


The PHASE DEG/DIV switch controls the display phase resolution by supplying 
the feedback resistor for AlIC2. 


MODE SWITCH 


The MODE switch controls the multivibrator-chopper in A3. 
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5 THEORY FOR AMPLITUDE SYNCHRONOUS DETECTOR A10 


INPUT AMPLIFIER 

The 278 kHz test channel amplitude signal at test point (2) is amplified through Q1 
and Q2 and applied to the amplitude detector input at the bases of Q4A and Q4B. 
DRIVE AMPLIFIER 

The amplitude detector drive signal from A9 (test point3) is amplified through 
Q6A and Q6B and applied to the amplitude detector at the bases of Q7-Q10. The 
drive signal is synchronous with the test channel amplitude signal because both 
are derived from the test channel. 

MIXER DETECTOR 

The drive signal switches Q7-Q10 such that the current through R34 and R40 
is the full wave rectified input amplitude signal. Front panel AMPL CAL 
(LOW LEVEL) control R10 balances the circuit so that for zero-amplitude 
signal input, the voltages at test points (1) and (7) are equal. 


GROUND REFERENCING 


The feedback circuit composed of IC1, Q11, and Q12 maintains the output voltage 
referenced to ground. 
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Figure 7-16. Amplitude Synchronous Detector A10, 
Schematic Diagram 
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5 THEORY FOR AMPLITUDE SYNCHRONOUS DETECTOR A10 


INPUT. AMPLIFIER 

The 278 kHz test channel amplitude signal at test point (2) is amplified through Q1 
and Q2 and applied to the amplitude detector input at the bases of Q4A and Q4B. 
DRIVE AMPLIFIER 

The amplitude detector drive signal from A9 (test point3) is amplified through 
Q6A and Q6B and applied to the amplitude detector at the bases of Q7-Q10. The 
drive signal is synchronous with the test channel amplitude signal because both 
are derived from the test channel. 

MIXER DETECTOR 

The drive signal switches Q7-Q10 such that the current through R34 and R40 
is the full wave rectified input amplitude signal. Front panel AMPL CAL 
(LOW LEVEL) control R10 balances the circuit so that for zero-amplitude 
signal input, the voltages at test points (1) and (7) are equal. 


GROUND REFERENCING 


The feedback circuit composed of IC1, Q11, and Q12 maintains the output voltage 
referenced to ground. 
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Figure 7-16. Amplitude Synchronous Detector A10, 
Schematic Diagram 
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THEORY FOR LOG CONVERTER A7 


LOG CONVERTER 


The log circuit consists of transistor Ql1A and operational amplifier IC1. The 
voltage at test point (1) and virtual ground at IC1 pin 4 causes a current. This 
current must be equal to the collector current of Q1A, since no input current 
flows into the operational amplifier. The operational amplifier maintains the 
base-to-emitter voltage of Q1IA so that the correct collector current is main- 
tained. Since the base-to-emitter voltage of Q1A is proportional to the log of the 
collector current, the output voltage is the log of the input voltage. 


VOLTAGE FOLLOWER 


Q1B shifts voltage level so that at test point (2), the log output operates about 
ground at approximately 30 mV output for X3 input at test point (1). R7 sets the 
correct amplitude center level. IC2 is a voltage follower. IC4 isa fixed gain 
amplifier with adjustment R14 so thata1 dB input change produces 50 mV output. 
The de voltage is brought to the rear panel AMPLITUDE (50 mV/dB) connector. 
The BW (kHz) switch connects a capacitor from IC3, pin 5 to ground, which 
forms a 100 Hz low-pass filter. 


RESOLUTION CONTROL 


The feedback resistor between the output and the input of IC4 sets the gain of the 
amplitude channel. The value ofthis resistanceis changed by the AMPL dB/DIV 
switch, thus changing the resolution of the CRT display. 
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THEORY FOR LOG CONVERTER A7 


LOG CONVERTER 


The log circuit consists of transistor Q1A and operational amplifier ICl. The 
voltage at test point (1) and virtual ground at IC1 pin 4 causes acurrent. This 
current must be equal to the collector current of Q1A, since no input current 
flows into the operational amplifier. The operational amplifier maintains the 
base-to-emitter voltage of Q1A so that the correct collector current is main- 
tained. Since the base-to-emitter voltage of Q1A is proportional to the log of the 
collector current, the output voltage is the log of the input voltage. 


VOLTAGE FOLLOWER 


Q1B shifts voltage level so that at test point (2), the log output operates about 
ground at approximately 30 mV output for X3 input at test point (1). R7 sets the 
correct amplitude center level. IC2 is a voltage follower. IC4 is a fixed gain 
amplifier with adjustment R14 so thata1 dB input change produces 50 mV output. 
The de voltage is brought to the rear panel AMPLITUDE (50 mV/dB) connector. 
The BW (kHz) switch connects a capacitor from IC3, pin 5 to ground, which 
forms a 100 Hz low-pass filter. 


RESOLUTION CONTROL 


The feedback resistor between the output and the input of IC4 sets the gain of the 
amplitude channel. The value ofthis resistanceis changed by the AMPL dB/DIV 
switch, thus changing the resolution of the CRT display. 
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THEORY FOR TEST CHANNEL AMPLIFIER A9 


26 dB (X20) AMPLIFIER 


Transistors Q1-Q3 form a differential amplifier and emitter follower circuit, 
providing 26 dB of preamplification to the test channel signal. 


2 MHz LOW PASS FILTER 


The output of IC1 passes through a low pass filter which only passes signals 
below 2 MHz, then applies the signals to IC2. 


34 dB (X50) AMPLIFIERS 


Both IC1 and IC2 amplify the 278 kHz signal by 34 dB, limiting the output when 
the signal level is high enough in amplitude. 


278 kHz BAND PASS FILTER 


The output signal from IC2 passes through a 278 kHz band pass filter with a 
bandwidth of 10 kHz. This retains a constant-amplitude fundamental frequency, 
so that further limiting will produce a square wave with constant symmetry. 


SQUARE WAVE GENERATOR 


The output from the 278 kHz band pass filter is amplified and limited by IC3. 
The square wave output is applied to the phase detector and to the amplitude 
synchronous detector. 


GROUND PLANE 


The inputs of IC1, IC2, and IC3 are biased by Zener diode CRI1. 
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7 THEORY FOR TEST CHANNEL AMPLIFIER AQ 


26 dB (X20) AMPLIFIER 


Transistors Q1-Q3 form a differential amplifier and emitter follower circuit, 
providing 26 dB of preamplification to the test channel signal. 


2 MHz LOW PASS FILTER 


The output of IC1 passes through a low pass filter which only passes signals 
below 2 MHz, then applies the signals to IC2. 


34 dB (X50) AMPLIFIERS 


Both IC1 and IC2 amplify the 278 kHz signal by 34 dB, limiting the output when 
the signal level is high enough in amplitude. 


278 kHz BAND PASS FILTER 
The output signal from IC2 passes through a 278 kHz band pass filter with a 


bandwidth of 10 kHz. This retains a constant-amplitude fundamental frequency, 
so that further limiting will produce a square wave with constant symmetry. 


SQUARE WAVE GENERATOR 
The output from the 278 kHz band pass filter is amplified and limited by IC3. 


The square wave output is applied to the phase detector and to the amplitude 
synchronous detector. 


GROUND PLANE 


The inputs of IC1, IC2, and IC3 are biased by Zener diode CRl. a. 
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8 THEORY FOR HIGH-VOLTAGE POWER SUPPLY A5 AND RECTIFIER A6 


HIGH-VOLTAGE OSCILLATOR 


High voltage is developed by an oscillator circuit consisting of Qil and the two 
primary windings of A6T1. 


Fifty kHz oscillator energy is transformer coupled through A6T1 to the two 
high-voltage secondary windings, then rectified and filtered, producing a 
-2950 Vde CRT cathode supply and a -2980 Vdc control grid supply. 


REGULATOR FEEDBACK AMPLIFIER 


The -2950 Vdc supply for the CRT cathode is voltage regulated. A small amount 
of voltage is obtained by a high resistance voltage divider across the supply out- 
put consisting of A5R1, A5R2, and A5R34. This is amplified through Q8, Q9, 
and Q10, then applied back to oscillator Q11 through T1 feedback winding. This 
feedback loop changes the bias on Q11, thus controlling the peak current flowing 
in transformer Tl. This, in turn, controls the peak-to-peak voltage at the 
secondary of A6T1 and thus controls the high voltage output. 


CRT PROTECTION 


V1, R35, and CR10 form a protective circuit for the CRT. This circuit prevents 
the CRT grid from going positive relative to the cathode and from going farther 
than 120V negative from the cathode since these voltages might cause arcing 
between elements and damage to the CRT. 


Z-AXIS BLANKING AND INTENSITY MODULATOR 
The ground return circuit for the -2980V supply driving the CRT grid is used to 
modulate the Z-Axis. This provides meansto insert CRT blanking from several 


sources, and intensity modulation for frequency marking on the CRT trace. The 
Z-Axis modulation amplifier is composed of Q4-Q7. 


BLANKING PREAMPLIFIERS 
A resistance summing network and two preamplifier stages composed of Q1-Q3 


plus the intensity control circuit provide input for four different sources of 
Z-Axis modulation. 


ASTIGMATISM 


R40 adjusts astigmatism. 
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5 THEORY FOR HIGH-VOLTAGE POWER SUPPLY A5 AND RECTIFIER A6 


HIGH-VOLTAGE OSCILLATOR 


High voltage is developed by an oscillator circuit consisting of Q11 and the two 
primary windings of A6T1. 


Fifty kHz oscillator energy is transformer coupled through A6T1 to the two 
high-voltage secondary windings, then rectified and filtered, producing a 
-2950 Vde CRT cathode supply and a -2980 Vdc control grid supply. 


REGULATOR FEEDBACK AMPLIFIER 


The -2950 Vdc supply for the CRT cathode is voltage regulated. A small amount 
of voltage is obtained by a high resistance voltage divider across the supply out- 
put consisting of A5R1, A5R2, and A5R34. This is amplified through Q8, Q9, 
and Q10, then applied back to oscillator Q11 through T1 feedback winding. This 
feedback loop changes the bias on Q11, thus controlling the peak current flowing 
in transformer Tl. This, in turn, controls the peak-to-peak voltage at the 
secondary of A6T1 and thus controls the high voltage output. 


CRT PROTECTION 


V1, R35, and CR10 form a protective circuit for the CRT. This circuit prevents 
the CRT grid from going positive relative to the cathode and from going farther 
than 120V negative from the cathode since these voltages might cause arcing 
between elements and damage to the CRT. 


Z-AXIS BLANKING AND INTENSITY MODULATOR 


The ground return circuit for the -2980V supply driving the CRT grid is used to r 
modulate the Z-Axis. This provides meansto insert CRT blanking from several 
sources, and intensity modulation for frequency marking on the CRT trace. The 
Z-Axis modulation amplifier is composed of Q4-Q7. 


BLANKING PREAMPLIFIERS 


A resistance summing network and two preamplifier stages composed of Q1-Q3 
plus the intensity control circuit provide input for four different sources of 
Z-Axis modulation. 


ASTIGMATISM 


R40 adjusts astigmatism. 
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THEORY FOR LOW VOLTAGE POWER SUPPLY A8 


+6 VOLT SUPPLY 


Series regulator Q3 is driven by IC1, maintaining a regulated 12 Volts across 
the +6 Volt and -6 Volt supplies (between pins 1 and 6). The 12 Volts is adjusted 
by R4. Resistors R2, R38, and R4 sense any change from 12 Volts, amplifying 
the change through IC1, then changing the bias on Q3 to bring the output back to 
12 Volts. Resistors R5 and R6 form a voltage divider across the 12 Volt output, 
dropping 6 Volts across each resistor. The voltage at the center of the voltage 
divider is compared to ground at the input of IC2. The resultant output from 
IC2 drives Ql and Q2. QI1 and Q2 together with their associated resistors R9 
and R10 balance the load impedance across the plus and minus 6 Volts to main- 
tain 6 Volts across each supply. This compensates for the difference in load 
presented by the instrument circuits to the two supplies. This means that the 
total current drawn by QI and the -6 Volt load circuits will equal the total 
current drawn by Q2 and the +6 Volt load circuits. 


+135 VOLT SUPPLY 


Capacitor C4 together with rectifier diodes CR3 and CR4 and transformer Tl 
make the unregulated 135 Volt supply. 


TRACE ALIGN 


R8 adjusts trace align on CRT. 
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9 THEORY FOR LOW VOLTAGE POWER SUPPLY A8 


+6 VOLT SUPPLY 


Series regulator Q3 is driven by IC1, maintaining a regulated 12 Volts across 
the +6 Volt and -6 Volt supplies (between pins 1 and 6). The 12 Volts is adjusted 
by R4. Resistors R2, R3, and R4 sense any change from 12 Volts, amplifying 
the change through IC1, then changing the bias on Q3 to bring the output back to 
12 Volts. Resistors R5 and R6 form a voltage divider across the 12 Volt output, 
dropping 6 Volts across each resistor. The voltage at the center of the voltage 
divider is compared to ground at the input of IC2. The resultant output from 
IC2 drives Q1 and Q2. QI and Q2 together with their associated resistors R9 
and R10 balance the load impedance across the plus and minus 6 Volts to main- 
tain 6 Volts across each supply. This compensates for the difference in load 
presented by the instrument circuits to the two supplies. This means that the 
total current drawn by Ql and the -6 Volt load circuits will equal the total 
current drawn by Q2 and the +6 Volt load circuits. 


+135 VOLT SUPPLY 


Capacitor C4 together with rectifier diodes CR3 and CR4 and transformer Tl 
make the unregulated 135 Volt supply. 


TRACE ALIGN 


R8 adjusts trace align on CRT. 
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APPENDIX | 
MANUAL CHANGES 


INTRODUCTION 


To adapt this manual to instruments with serial numbers prefixed 929, 945, 957, 968, 970, and 
976 make the changes indicated below. 


929-00129 and 
below A-I 
929-011-929-00130 A-H 
945 -00131-945 -00157 A-G 
945 -00158 -945 -00195 A-F 
945 -00196-957 -00245 A-E 


CHANGE A 


968 -00246 -968-00295 
970-002 96 -970-00395 ; 


976 -00396 -976 -00445 A,B 
976 -00446 -976 -00529 A 


Instruments with serial numbers 976-00529 and below may not have resistor A7R5. The performance 
of the 8412A may be improved by adding a 4.99 megohm resistor (HP Part No. 0698-4348) on A7 
(08412-60007). See Figures 7-17 and 7-18 on page 7-17 of Manual for proper location of A7R5. 


ALB, Cap 
ASB C 


CHANGE B 

Instruments with serial numbers 976-00445 and below may have dual inline flat pack IC 

(HP Part No. 1820-0123) for A8IC1. The TO-99 type package (HP Part No. 1820-0247) is the 
recommended replacement. The TO-99 offers greater reliability than the flat pack. See 
schematic diagram on page 7-23 for pin location of TO-99. 

CHANGE C 


Instruments with serial numbers 970-00395 and below may have dual in-line flat pack IC's 
(HP Part No. 1820-0216) for the following operational amplifiers: 


A1IC2 
ATIC1, 2, 3, and 4 
A8IC2 
A101C1 


The recommended replacement for the flat pack IC's forementioned is the TO-99 type package 
HP Part No. 1826-0007. 


CHANGE D 
Page 6-7, Table 6-1: 


Change A9C4 to HP Part No. 0180-0197 C:FXD 
ELECT 2.2 UF 10% 20 VDCW 


Page 7-19, Figure 7-19: 


Delete C24 and C25 
Delete L8 and L9 


Page 7-19, Figure 7-20: 
Change the value of A9C4 to 2.2 uF 


Delete A9L8 and A9C24. Ground pins 5, 6, 7, 12, 13 of IC1. 
Delete A9L9 and A9C25. Ground pins 5, 6, 7, 12, 13 of IC2. 
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CHANGE E 
Page 6-5, Table 6-1: 


Change A5C1 to HP Part No. 0160-0168; C: FXD MY 0.1 UF 10% 200 VDCW. 

Change A5C2 to HP Part No. 0180-0116; C: FXD ELECT 6.8 UF 10% 35 VDCW. 

Add A5C3, HP Part No. 0180-0116; C: FXD ELECT 6.8 UF 10% 35 VDCW. 

Add A5C9, HP Part No. 0160-2917; C: FXD CER 0.05 UF +80 -20% 100 VDCW. 

Change A5C10 to HP Part No. 0160-0168; C: FXD MY 0.1 UF 10% 200 VDCW. 

Change A5C13 and A5C14 to HP Part No. 0160-2917; C: FXD CER 0.05 UF +80 -20% 100 VDCW. 
Change A5CR3 to Part No. 1901-0049; DIODE: SILICON 50 PIV. 

Change A5CR4 to HP Part No. 1901-0040; DIODE: SILICON 30 MA 30 WV. 


Page 6-6, Table 6-1: 


Change A5L1, A5L2, A5L3, and A5L4 to Part No. 9100-1625; COIL/CHOKE 33 uH. 
Change A5Q8 to HP Part No. 1855-0062; Q: FET. 
Change A5Q9 to HP Part No. 1853-0050; Q: SI PNP. 
Change A5Q10 to HP Part No. 1854-0022; Q: SINPN (SELECTED FROM 2N3102). 
Change A5R1 to HP Part No. 0757-0154; R: FXD MET FLM 278K OHM 1% 1/2W. 
Change A5R2 to HP Part No. 0757-0123; FXD MET FLM 34.8K OHM 1% 1/8W. 
Change A5R3 to HP Part No. 0757-0447; FXD MET FLM 16.2K OHM 1% 1/8W. 
Change A5R6 to HP Part No. 0757-0467; FXD MET FLM 121 OHM 1% 1/8w. 
Change A5R7 to HP Part No. 0757-0317; FXD MET FLM 1.33K OHM 1% 1/8W. 
Change A5R8 to HP Part No. 0698-0085; FXD MET FLM 2.61K OHM 1% 1/8W. 
Change A5R9 to HP Part No. 0968-3159; R: FXD MET FLM 26.1K OHM 1% 1/8W. 
Change A5R10 to HP Part No. 0757-0289; R: FXD MET FLM 13.3K OHM 1% 1/8W. 
Change A5R16 to HP Part No. 0698-0083; R: FXD MET FLM 1. 96K OHM 1% 1/8w. 
Change A5R19 to HP Part No. 0698-3442; R: FXD MET FLM 237 OHM 1% 1/8w. 
Change A5R20 to HP Part No. 0757-0159; R: FXD MET FLM 1000 OHM 1% 1/2W. 
Change A5R22 to HP Part No. 0698-3161; R: FXD MET FLM 38, 3K 1% 1/8W. 
Change A5R32 to HP Part No. 0757-0159; R: FXD MET FLM 1000 OHM 1% 1/2W. 
Recommended replacement is 0757-0280; R: FXD 1000 OHMS. 


StS eee od 


Page 7-21, Figures 7-21 and 7-22: 


Replace Figure 7-21 in Manual with Figure 7-21 (change E) in this appendix. 
Replace Figure 7-22 in Manual with Figure 7-22 (change E) in this appendix. 


CHANGE F 
Page 6-4, Table 6-1: 

Change A3 R24 and A3R25 to HP Part No. 2100-2489; R: VAR FLM 5K OHM 10% LIN 1/2W. 
Page 6-7, Table G=1: 


Change A7C3 and A7C4 to HP Part No. 0180-2141; C: FXD ELECT 3.3 UF 10% 50 VDCW. 
Change A7R1 to HP Part No. 0698-3154; R: FXD MET FLM 4.22K OHM 1% 1/8w. 
Change A7R2 to HP Part No. 0698-3153; R: FXD MET FLM 3.83K 1% 1/8w. 

Change A7R3 and A7R4 to HP Part No. 0757-0442; MET FLM 10.0K 1% 1/8W. 

Change A7R5 to HP Part No. 0698-5094; R: FXD COMP 5.1 MEGOHM 5% 1/8w. 

Change A7R15 to HP Part No. 0757-0280; R: FXD MET FLM 1K OHM 1% 1/8w. 


Page 6-9, Table 6-1: 


Change A10C1 and A10C2 to HP Part No. 0160-0161; C: FXD MY 0.01 UF 10% 200 VDCW. 

Add A10L1 and A10L2. 

Change A10R4 to HP Part No. 0698-3444; R: FXD MET FLM 316 OHM 1% 1/8w. 

Change A10R5 to HP Part No. 0698-0083; R: FXD MET FLM 1.96K OHM 1% 1/8w. 

Change A10R7 to HP Part No. 0757-0438; R: FXD MET FLM 5.11K OHM 1% 1/8w. 

Change A10R8 to HP Part No. 0698-3444; R: FKD MET FLM 316 OHM 1% 1/8w. 

Change A10R14 to HP Part No. 0698-3440; R: FXD MET FLM 196 OHM 1% 1/8w. 

Change A10R15 and A10R16 to HP Part No. 0698-3159; R: FXD MET FLM 26.1K OHM 1% 1/8W. 
Change A10R17 and A10R21 to HP Part No. 0698-3153; R: FXD MET FLM 3.83K 1% 1/8W. 
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CHANGE F (CONTINUED) 
Page 6-9, Table 6-1: 
Change A10R18, A10R20, A10R27 and A10R36 to HP Part No. 0698-5438 R: FXD FLM 
100 OHM 0.25% 1/8w. 
Change A10R19 to HP Part No. 0757-0416; R: FXD MET FLM 511 OHM 1% 1/8W. 
Change A10R22 to HP Part No. 0698-3155; R: FKD MET FLM 4.64 1% 1/8W. 
Change A10R23 to HP Part No. 0698-3156; R: FXD MET FLM 14.7K OHM 1% 1/8W. 
Page 6-10, Table 6-1: 
Change A10R39 to HP Part No. 0698-3136; R: FKD MET FLM 17.8K OHM 1% 1/8W. 
Page 7-11, Figure 7-11 and 7-12: 


Replace Figure 7-11 in Manual with Figure 7-11 (Change F) in this appendix. 
Replace Figure 7-12 in Manual with Figure 7-12 (Change F) in this appendix. 


Page 7-15, Figures 7-15 and 7-16: 


Replace Figure 7-15 in Manual with Figure 7-15 (Change F) in this appendix. 
Replace Figure 7-16 in Manual with Figure 7-16 (Change F) in this appendix. 


Page 7-17, Figures 7-17 and 7-18: 


Replace Figure 7-17 in Manual with Figure 7-17 (Change F) in this appendix. 
Replace Figure 7-18 in Manual with Figure 7-18 (Change F) in this appendix. 


Page 7-23, Figure 7-24: 

Delete R9 TRACE ALIGN control, Figure 7-24 of Manual. 
CHANGE G 
Page 7-21, Figure 7-22: 


Delete A5C11 and A5C12 in Figure 7-22 of Manual. Show direct connections from 
both bases of Q8 to the junction of A5C1 and A5R3. 


CHANGE H 
Page 6-5, Table 6-1: 
Change A5C1 to HP Part No. 0160-0168; C: FXD MY 0.1 UF 10% 200 VDCW. 


Add A5C4 HP Part No. 0160-0174; C: FXD CER 0.47 UF +80 -20% 25 VDCW. 
Change A5C10 to HP Part No. 0160-0165; C: FXD MY 0.056 UF 10% 200 VDCW. 


Page 6-6, Table 6-1: 
Change A5Q9 to HP Part No. 1853-0020; Q: SI PNP (Selected from 2N3702). 
Change A5Q10 to HP Part No. 1854-0071; Q: SI NPN (Selected from 2N3704). 
Change A5R2 to HP Part No. 0698-3450; R: FXD MET FLM 42.2K OHM 1% 1/8W, 


FACTORY SELECTED PART. 
Add A5R3 HP Part No. 0757-0447; R: FXD MET FLM 16.2K OHM 1% 1/8W. 


Page 7-21, Figure 7-22: 


Replace Figure 7-22 in Manual with Figure 7-22 (Change H) in this appendix. 
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CHANGE I 
Page 6-7, Table 6-1: 
Change A9C8 to HP Part No. 0180-0291; C: FXD ELECT 1.0 UF 10% 35 VDCW. 
Page 7-19, Figure 7-20: 
Change A9C8 to 1.0 UF. 
CHANGE J 


Instruments with serial numbers prefixed 1144A and below may have HP Part No. 1854-0221 
for A2Q12, A2Q13, A5Q8, A10Q8, and A10Q10. Recommended replacement is 1854-0475. 
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Figure 7-11. Parts Location for Multiplexer and 
Deflection Amplifier A3 


(Change F, Serial No. 945-00195 and below) 
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Alo 


Figure 7-15. Parts Location for Amplitude 
Synchronous Detector A10 


(Change F, Serial No. 945-00195 and below) 
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Figure 7-17. Parts Location for Amplitude Channel 
Log Converter A7 


(Change F, Serial No. 945-00195 and below) 
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Figure 7-21. 


Sones 


Parts Location for High-Voltage Power Supply A5, and Rectifier A6 
(Change E, Serial No. 945-00131 and below) 
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II-2. 


APPENDIX II 
OPTION HO7 MANUAL SUPPLEMENT 


INTRODUCTION 


This supplement describes the difference in the Model 8412A Phase-Magnitude Display with 


Appendix II 


Option HO7. It also describes the manual changes necessary to document the addition of Option HO7. 


DESC RIPTION 


The Model 8412A Option HO7 provides digital readout capability. This allows interfacing with 
HP Model 5326B Timer/Counter/DVM. The frequency, phase, and magnitude of the parameter 
being measured by the network analyzer is then displayed digitally. No special procedures 

are needed when the rear panel REF and TEST outputs are not being used. 


NOTE 


When the rear-panel REF or TEST outputs are being used 
the load impedance should be greater than one megohm 
shunted by 25pf or less. Calibration of the 8412A Option 
HO7 must be done with rear-panel REF and TEST outputs 
loaded. 


MANUAL CHANGES TO INCORPORATE OPTION 
Page 5-4, Table 5-3; Page 5-12, Table 5-4; Page 5-20, Table 5-6; Page 5-25, Table 5-7: 
Add to PROCEDURE OF STEP 1: 
NOTE 
Calibration of the 8412A Option HO7 must be done with the 
rear-panel REF and TEST outputs loaded. Load imped- 
ance should be greater than one megohm shunted by 25pf 
or less. 
Page 6-10, Table 6-1: 
Add C2 and C3 HP Part No. 0150-0084; C: FXD CER .1 uf +80 -20% 100VDCW. 
Add W1 HP Part No. 08412-62001; CABLE ASSEMBLY: REF output (color coded gray, red, 
white, Includes J7). 
Add W2 HP Part No. 08412-62002; CABLE ASSEMBLY: TEST output (Color coded gray, brown, 
green. Includes J8). 
Page 6-11, Table 6-1: 
Change part 19 to HP Part No. 08412-22019; Sub-panel: Rear. 


Change part 20 to HP Part No. 08412-02102; Panel: Rear. 
Change Part 28 to HP Part No. 08412-02007; Plate: Identification. 


Page 7-9, Figure 7-10: 


Change schematic diagram per following partial schematic: 
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Figure II-1. 


Al PHASE DETECTOR 


Option HO7, Schematic Diagram 


Model 8412A 
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ALABAMA 

P.O. Box 4207 

2003 Byrd Spring Road S.W. 
Huntsville 35802 

Tel: (205) 881-4594 

TWX: 810-726-2204 


ARIZONA 

2336 E. Magnolia St. 
Phoenix 85034 

Tel: (602) 252-5061 
TWX: 910-951-1330 


5737 East Broadway 
Tucson 85716 

Tel: (602) 298-2313 
TWX: 910-952-1162 


CALIFORNIA 

1430 East Orangethorpe Ave. 
Fullerton 92631 

Tel: (714) 870-1000 


3939 Lankershim Boulevard 
North Hollywood 91604 
Tel: (213) 877-1282 

TWX: 910-499-2170 


1101 Embarcadero Road 
Palo Alto 94303 

Tel: (415) 327-6500 
TWX: 910-373-1280 


2220 Watt Ave. 

Sacramento 95825 
Tel: (916) 482-1463 
TWX: 910-367-2092 


9606 Aero Drive 
San Diego 92123 
Tel: (714) 279-3200 
TWX: 910-335-2000 


COLORADO 

7965 East Prentice 
Englewood 80110 
Tel: (303) 771-3455 
TWX: 910-935-0705 


ARGENTINA 

Hewlett-Packard Argentina 
S.A.C.e.1 

Lavalle 1171-3° 

Buenos Aires 

Tel: 35-0436, 35-0627, 35-0431 
Telex: 012-1009 

Cable: HEWPACKARG 


BRAZIL 

Hewlett-Packard Do Brasil 
le.C Ltda. 

Rua Frei Caneca 1119 

Sao Paulo - 3, SP 

Tel: 288-7111, 287-5858 
Cable: HEWPACK Sao Paulo 


Hewlett-Packard Do Brasil 
Praca Dom Feliciano 78 
Salas 806/808 

Porto Alegre 

Rio Grande do Sul (RS)-Brasil 
Tel: 25-8470 

Cable: HEWPACK Porto Alegre 


Hewlett-Packard Do Brasil 
l.e.C, Ltda. 

Rua da Matriz 29 

Botafogo ZC-02 

Rio de Janeiro, GB 

Tel: 246-4417 

Cable: HEWPACK Rio de Janeiro 


ALBERTA 

Hewlett-Packard (Canada) Ltd. 
11745 Jasper Ave. 

Edmonton 

Tel: (403) 482-5561 

TWX: 610-831-2431 


CONNECTICUT 
508 Tolland Street 
East Hartford 06108 
Tel: (203) 289-9394 
TWX: 710-425-3416 


111 East Avenue 
Norwalk 06851 

Tel: (203) 853-1251 
TWX: 710-468-3750 


FLORIDA 

P.O. Box 24210 

2806 W. Oakland Park Blvd. 
Ft. Lauderdale 33307 

Tel: (305) 731-2020 

TWX: 510-955-4099 


P.O. Box 20007 

Herndon Station 32814 
621 Commonwealth Avenue 
Orlando 

Tel: (305) 841-3970 

TWX: 810-850-0113 


Effective April 1, 1972 
P.O. Box 13910 

6177 Lake Ellenor Dr. 
Orlando, 32809 

Tel: (305) 859-2900 
TWX: 810-850-0113 


GEORGIA 

P.O. Box 28234 

450 Interstate North 
Atlanta 30328 

Tel: (404) 436-6181 
TWX: 810-766-4890 


ILLINOIS 

5500 Howard Street 
Skokie 60076 

Tel: (312) 677-0400 
TWX: 910-223-3613 


INDIANA 

3839 Meadows Drive 
Indianapolis 46205 
Tel: (317) 546-4891 
TWX: 810-341-3263 


CHILE 

Héctor Calcagni y Cia, Ltda. 
Bustos, 1932-3er Piso 
Casilla 13942 

Santiago 

Tel: 423 96 

Cable: CALCAGNI Santiago 


COLOMBIA 

Instrumentacion 

Henrik A. Langebaek & Kier 
Ltda. 

Carrera 7 No. 48-59 

Apartado Aereo 6287 

Bogota, 1 D.E. 

Tel: 45-78-06, 45-55-46 

Cable: AARIS Bogota 

Telex: 44400 INSTCO 


COSTA RICA 

Lic. Alfredo Gallegos Gurdian 
Apartado 10159 

San José 

Tel: 21-86-13 

Cable: GALGUR San José 


BRITISH COLUMBIA 
Hewlett-Packard (Canada) Ltd. 
4519 Canada Way 

North Burnaby 2 

Tel: (604) 433-8213 

TWX: 610-922-5059 


HEWLETT: PACKARD 


ELECTRONIC INSTRUMENTATION SALES AND SERVICE 
UNITED STATES, CENTRAL AND SOUTH AMERICA, CANADA 


UNITED STATES 


LOUISIANA 

P.O, Box 856 

1942 Williams Boulevard 
Kenner 70062 

Tel: (504) 721-6201 
TWX: 810-955-5524 


MARYLAND 

6707 Whitestone Road 
Baltimore 21207 

Tel: (301) 944-5400 
TWX: 710-862-9157 


P.O. Box 1648 

2 Choke Cherry Road 
Rockville 20850 
Tel: (301) 948-6370 
TWX: 710-828-9684 


MASSACHUSETTS 
32 Hartwell Ave. 
Lexington 02173 
Tel: (617) 861-8960 
TWX: 710-326-6904 


MICHIGAN 

21840 West Nine Mile Road 
Southfield 48075 

Tel: (313) 353-9100 

TWX: 810-224-4882 


MINNESOTA 

2459 University Avenue 
St. Paul 55114 

Tel: (612) 645-9461 
TWX: 910-563-3734 


MISSOURI 

11131 Colorado Ave. 
Kansas City 64137 
Tel: (816) 763-8000 
TWX: 910-771-2087 


2812 South Brentwood Blvd. 
St. Louis 63144 

Tel: (314) 962-5000 

TWX: 910-760-1670 


NEW JERSEY 

W. 120 Century Road 
Paramus 07652 

Tel: (201) 265-5000 
TWX: 710-990-4951 


CENTRAL AND SOUTH AMERICA 


ECUADOR 

Laboratorios de Radio-Ingenieria 
Calle Guayaquil 1246 

Post Office Box 3199 

Quito 

Tel: 212-496; 219-185 

Cable: HORVATH Quito 


EL SALVADOR 

Electronic Associates 
Apartado Postal 1682 
Centro Comercial Gigante 
San Salvador, El Salvador 
Paseo Escalon 4649-4th Piso 
Tel: 23-44-60, 23-32-37 
Cable: ELECAS 


MEXICO 

Hewlett-Packard Mexicana, S.A. 
de C.V. 

622 Adolfo Prieto 

Col. del Valle 

Mexico 12, D.F. 

Tel: 543-4232; 523-1874 

Telex: 0017-74507 


1060 N. Kings Highway 
Cherry Hill 08034 

Tel: (609) 667-4000 
TWX: 710-892-4945 


NEW MEXICO 

P.O. Box 8366 

Station C 

6501 Lomas Boulevard N.E. 
Albuquerque 87108 

Tel: (505) 265-3713 

TWX: 910-989-1665 


156 Wyatt Drive 
Las Cruces 88001 
Tel: (505) 526-2485 
TWX: 910-983-0550 


NEW YORK 

1702 Central Avenue 
Albany 12205 

Tel: (518) 869-8462 
TWX: 710-441-8270 


1219 Campville Road 
Endicott 13760 

Tel: (607) 754-0050 
TWX: 510-252-0890 


82 Washington Street 
Poughkeepsie 12601 
Tel: (914) 454-7330 
TWX: 510-248-0012 


39 Saginaw Drive 
Rochester 14623 
Tel: (716) 473-9500 
TWX: 510-253-5981 


5858 East Molloy Road 
Syracuse 13211 

Tel: (315) 454-2486 
TWX: 710-541-0482 


1 Crossways Park West 
Woodbury 11797 

Tel: (516) 921-0300 
TWX: 510-223-0811 


NORTH CAROLINA 
P.O. Box 5188 

1923 North Main Street 
High Point 27262 

Tel: (919) 885-8101 
TWX: 510-926-1516 


NICARAGUA 

Roberto Ter4n G. 
Apartado Postal 689 
Edificio Teran 

Managua 

Tel: 3451, 3452 

Cable: ROTERAN Managua 


PANAMA 
Electré6nico Balboa, S.A. 
P.O. Box 4929 


Ave. Manuel Espinosa No, 13-50 


Bldg. Alina 

Panama City 

Tel: 230833 

Telex: 3481003, Curundu, 
Canal Zone 


Cable: ELECTRON Panama City 


PARAGUAY 

Z.T. Melamed S.R.L. 
Division: Aparatos y Equipos 
Medicus 


Salon de Exposicion y Escritorio: 


Chile 482 

Edificio Victoria—Planta Baja 
Asuncion, Paraguay 

Tel: 4-5069, 4-6272 

Cable: RAMEL 


CANADA 


MANITOBA 

Hewlett-Packard (Canada) Ltd. 
511 Bradford Ct. 

Winnipeg 

Tel: (204) 786-7581 

TWX: 610-671-3531 


NOVA SCOTIA 


Hewlett-Packard (Canada) Ltd. 


2745 Dutch Village Rd. 
Suite 206 

Halifax 

Tel: (902) 455-0511 
TWX: 610-271-4482 


OHIO 

25575 Center Ridge Road 
Cleveland 44145 

Tel: (216) 835-0300 
TWX: 810-427-9129 


3460 South Dixie Drive 
Dayton 45439 

Tel: (513) 298-0351 
TWX: 810-459-1925, 


1120 Morse Road 
Columbus 43229 
Tel: (614) 846-1300 


OKLAHOMA 


2919 United Founders Boulevard 


Oklahoma City 73112 
Tel: (405) 848-2801 
TWX: 910-830-6862 


OREGON 

Westhills Mall, Suite 158 
4475 S.W. Scholls Ferry Road 
Portland 97225 

Tel: (503) 292-9171 

TWX: 910-464-6103 


PENNSYLVANIA 

2500 Moss Side Boulevard 
Monroeville 15146 

Tel: (412) 271-0724 

TWX: 710-797-3650 


1021 8th Avenue 

King of Prussia Industrial Park 
King of Prussia 19406 

Tel: (215) 265-7000 

TWX: 510-660-2670 


RHODE ISLAND 
873 Waterman Ave. 
East Providence 02914 
Tel: (401) 434-5535 
TWX: 710-381-7573 


*TENNESSEE 
Memphis 
Tel: (901) 274-7472 


TEXAS 

P.O, Box 1270 

201 E. Arapaho Rd. 
Richardson 75080 

Tel: (214) 231-6101 
TWX: 910-867-4723 


PERU 

Compania Electro Medica S.A. 
Ave, Enrique Canaual 312 
San Isidro 

Casilla 1030 

Lima 

Tel: 22-3900 

Cable: ELMED Lima 


PUERTO RICO 

San Juan Electronics, Inc. 
P.O. Box 5167 

Ponce de Leon 154 

Pda. 3-PTA de Tierra 

San Juan 00906 

Tel: (809) 725-3342, 722-3342 
Cable: SATRONICS San Juan 
Telex: SATRON 3450 332 


SURINAME 

Surtel-Radio Holland N.V. 
P.O. Box 155 

Paramaribo 

Tel: 72118 

Cable: Treurniet Paramaribo 


ONTARIO 

Hewlett-Packard (Canada) Ltd. 
880 Lady Ellen Place 

Ottawa 3 

Tel: (613) 255-6180, 255-6530 
TWX: 610-562-1952 


Hewlett-Packard (Canada) Ltd. 
50 Galaxy Blvd. 

Rexdale 

Tel: (416) 677-9611 

TWX: 610-492-4246 


P.O. Box 22813 
6300 Westpark Drive 
Suite 100 

Houston 77027 

Tel: (713) 781-6000 
TWX: 910-881-2645 


231 Billy Mitchell Road 
San Antonio 78226 
Tel: (512) 434-4171 
TWX: 910-871-1170 


UTAH 

2890 South Main Street 
Salt Lake City 84115 
Tel: (801) 487-0715 
TWX: 910-925-5681 


VERMONT 

P.0. Box 2287 

Kennedy Drive 

South Burlington 05401 
Tel: (802) 658-4455 
TWX: 510-299-0025 


VIRGINIA 

P.0. Box 6514 
2111 Spencer Road 
Richmond 23230 
Tel: (703) 285-3431 
TWX: 710-956-0157 


WASHINGTON 
433-108th N.E. 
Bellevue 98004 
Tel: (206) 454-3971 
TWX: 910-443-2303 


*WEST VIRGINIA 
Charleston 
Tel: (304) 768-1232 


FOR U.S. AREAS NOT 
LISTED: 

Contact the regional office near- 
est you: Atlanta, Georgia... 
North Hollywood, California... 
Paramus, New Jersey .. . Skokie, 
Illinois. Their complete ad- 
dresses are listed above. 


*Service Only 


URUGUAY 

Pablo Ferrando S.A. 
Comercial e Industrial 
Avenida Italia 2877 
Casilla de Correo 370 
Montevideo 

Tel: 40-3102 

Cable: RADIUM Montevideo 


VENEZUELA 

Hewlett-Packard De Venezuela 
C.A. 

Apartado 50933 

Caracas 

Tel: 71.88.05, 71.88.69, 71.99.30 
Cable: HEWPACK Caracas 

Telex: 39521146 


FOR AREAS NOT LISTED, 


CONTACT: 

Hewlett-Packard 
INTERCONTINENTAL 

3200 Hillview Ave. 

Palo Alto, California 94304 

Tel: (415) 493-1501 

TWX: 910-373-1267 

Cable: HEWPACK Palo Alto 

Telex: 034-8461 


QUEBEC 

Hewlett-Packard (Canada) Ltd. 
275 Hymus Boulevard 

Pointe Claire 

Tel: (514) 697-4232 

TWX: 610-422-3022 

Telex: 01-20607 


FOR CANADIAN AREAS NOT 
LISTED: 

Contact Hewlett-Packard (Can- 
ada) Ltd. In Pointe Claire, at 
the complete address listed 
above. 


AUSTRIA 
Hewlett-Packard Ges.m.b.H 
Innstrasse 23/2 

Postfach 45 

A-1204 Vienna 

Tel: (0222) 33 66 06-09 
Cable: HEWPAK Vienna 
Telex: 75923 hewpak a 


BELGIUM 
Hewlett-Packard Benelux 
S.A./N.V. 

Avenue du Col-Vert, 1 
B-1170 Brussels 

Tel: (02) 72 22 40 

Cable: PALOBEN Brussels 
Telex: 23 494 


DENMARK 
Hewlett-Packard A/S 
Datavej 38 

DK-3460 Birkerod 
Tel: (01) 81 66 40 
Cable: HEWPACK AS 
Telex: 16640 hp as 


Hewlett-Packard A/S 
Torvet 9 

DK-8600 Silkeborg 
Tel: (06)-82-71-66 
Telex: 16640 hp as 
Cable: HEWPACKAS 


FINLAND 
Hewlett-Packard Oy 
Bulevardi 26 

P.O. Box 12185 

SF-00120 Helsinki 12 

Tel: 13-730 

Cable: HEWPACKOY-Helsinki 
Telex: 12-1563 


FRANCE 
Hewlett-Packard France 
Quartier de Courtaboeuf 
Boite Postale No. 6 

F-91 Orsay 

Tel: (1) 907 78 25 
Cable: HEWPACK Orsay 
Telex: 60048 


ANGOLA 

Telectra Empresa Técnia 
de Equipamentos Eléctricos 
SAR 

Rua de Barbosa Rodrigues 
42-1° 

Box 6487 

Luanda 

Cable: TELECTRA Luanda 


AUSTRALIA 

Hewlett-Packard Australia 
Pty. Ltd. 

22-26 Weir Street 

Glen Iris, 3146 

Victoria 

Tel: 20.1371 (6 lines) 

Cable: HEWPARD Melbourne 

Telex: 31024 


Hewlett-Packard Australia 
Pty. Ltd. 

61 Alexander Street 

Crows Nest 2065 

New South Wales 

Tel: 43.7866 

Cable: HEWPARD Sydney 

Telex: 21561 


Hewlett-Packard Australia 
Pty. Ltd. 

97 Churchill Road 

Prospect 5082 

South Australia 

Tel: 65.2366 

Cable: HEWPARD Adelaide 


Hewlett Packard Australia 
Pty. Ltd. 

2nd Floor, Suite 13 

Casablanca Buildings 

196 Adelaide Terrace 

Perth, W.A. 6000 

Tel: 21-3330 

Cable: HEWPARD Perth 


Hewlett-Packard Australia 
Pty. Ltd. 
10 Woolley Street 
P:0. Box 191 
Dickson A.C.T. 2602 
Tel: 49-8194 
Cable: HEWPARD Canberra ACT 


Hewlett-Packard Australia 
Pty. Ltd. 

6 Harvard Street 

P.O. Box 135 

Kenmore 4069 Queensland 
Tel: 78 6069 


CEYLON 

United Electricals Ltd. 
P.O. Box 681 

Yahala Building 

Staples Street 

Colombo 2 

Tel: 5496 

Cable: HOTPOINT Colombo 


HEWLETT: PACKARD 


ELECTRONIC INSTRUMENTATION SALES 
EUROPE, AFRICA, ASIA, AUSTRALIA 


Hewlett-Packard France 
4 Quai des Etroits 

F-69 Lyon 5éme 

Tel: (78) 42 63 45 
Cable: HEWPACK Lyon 
Telex: 31617 


Hewlett-Packard France 
29 rue de la Gare 

F-31 Blagnac 

Tel: (61) 85 82 29 
Telex: 51957 


GERMAN FEDERAL 
REPUBLIC 

Hewlett-Packard Vertriebs-GmbH 
Berliner Strasse 117 

Postfach 560/40 

0-6 Nieder-Eschbach/Ffm 56 
Tel: (0611) 50-04-1 

Cable: HEWPACKSA Frankfurt 
Telex: 41 32 49 FRA 


Hewlett-Packard Vertriebs-GmbH 
Herrenbergerstrasse 110 
D-7030 Boblingen, Wirttemberg 
Tel: (07031) 66 72 86 

Cable: HEPAK Boéblingen 

Telex: 72 65 739 


Hewlett-Packard Vertriebs-GmbH 
Vogelsanger Weg 38 

D-4 Diisseldorf 

Tel: (0211) 63 80 31/35 

Telex: 85/86 533 


Hewlett-Packard Vertriebs-GmbH 
Wendenstr. 23 

D-2 Hamburg 1 

Tel: (0411) 24 05 51/52 

Cable: HEWPACKSA Hamburg 
Telex: 21 53 32 


CYPRUS 

Kypronics 

19 Gregorios & Xenopoulos Road 
P.O. Box 1152 

Nicosia 

Tel: 6282-75628 

Cable: HE-I-NAMI 


ETHIOPIA 

African Salespower & Agency 
Private Ltd., Co. 

P. 0. Box 718 

58/59 Cunningham St. 

Addis Ababa 

Tel: 12285 

Cable: ASACO Addisababa 


HONG KONG 

Schmidt & Co. (Hong Kong) Ltd. 
P.0. Box 297 

1511, Prince’s Building 15th Floor 
10, Chater Road 

Hong Kong 

Tel: 240168, 232735 

Cable: SCHMIDTCO Hong Kong 


INDIA 

Blue Star Ltd. 
Kasturi Buildings 
Jamshedji Tata Rd. 
Bombay 20BR, India 
Tel: 29 50 21 

Telex: 2156 

Cable: BLUEFROST 


Blue Star Ltd. 

Band Box House 
Prabhadevi 

Bombay 25DD, India 
Tel: 45 73 01 

Telex: 2156 

Cable: BLUESTAR 


Blue Star Ltd. 
14/40 Civil Lines 
Kanpur, India 
Tel: 6 88 82 
Cable: BLUESTAR 


Blue Star, Ltd. 
7 Hare Street 
P.0. Box 506 
Calcutta 1, India 
Tel; 23-0131 
Telex: 655 
Cable: BLUESTAR 


Blue Star Ltd. 

Blue Star House, 
34 Ring Road 
Lajpat Nagar 

New Delhi 24, India 
Tel: 62 32 76 
Telex: 463 

Cable: BLUESTAR 


Blue Star Ltd. 
17-C Ulsoor Road 
Bangalore-8 


EUROPE 


Hewlett-Packard Vertriebs-GmbH 


Unterhachinger Strasse 28 
ISAR Center 

D-8012 Ottobrunn 

Tel: (0811) 60 13 061-7 
Telex: 05-24985 

Cable: HEWPACKSA Michen 


(West Berlin) 

Hewlett-Packard Vertriebs-GmbH 
Wilmersdorfer Strasse 113/114 
D-1000 Berlin W. 12 

Tel: (0311) 3137046 

Telex: 18 34 05 


GREECE 

Kostas Karayannis 

18, Ermou Street 

Athens 126 

Tel: 230301,3,5 

Cable: RAKAR Athens 
Telex: 21 59 62 RKAR GR 


IRELAND 
Hewlett-Packard Ltd. 
224 Bath Road 

Slough, SLi 4 DS, Bucks 
Tel; Slough 753-33341 
Cable: HEWPIE Slough 
Telex: 84413 


ITALY 

Hewlett-Packard Italiana S.p.A. 
Via Amerigo Vespucci 2 
1-20124 Milan 

Tel: (2) 6251 (10 lines) 

Cable: HEWPACKIT Milan 
Telex: 32046 


Hewlett-Packard Italiana S.p.A. 
Via Marocco, 7 

1-00144 Rome - Eur 

Tel: (6) 5912544/5, 5915947 
Cable: HEWPACKIT Rome 
Telex: 61514 


AFRICA, ASIA, 


Blue Star, Ltd. 

96 Park Lane 
Secunderabad 3, India 
Tel: 7 63 91 

Cable: BLUEFROST 


Blue Star, Ltd. 

23/24 Second Line Beach 
Madras 1, India 

Tel: 2 39 55 

Telex: 379 

Cable; BLUESTAR 


Blue Star, Ltd. 

1B Kaiser Bungalow 
Dindli Road 
Jamshedpur, India 
Tel: 38 04 

Cable: BLUESTAR 


INDONESIA 

Bah Bolon Trading Coy. N.V. 
Djalah Merdeka 29 
Bandung 

Tel: 4915; 51560 

Cable: ILMU 

Telex: 08-809 


IRAN 

Telecom, Ltd. 

P. 0. Box 1812 

240 Kh. Saba Shomali 
Teheran 

Tel: 43850, 48111 
Cable: BASCOM Teheran 
Telex: 2664 


ISRAEL 

Electronics & Engineering 
Div. of Motorola Israel Ltd. 

17 Aminadav Street 

Tel-Aviv 

Tel: 36941 (3 lines) 

Cable: BASTEL Tel-Aviv 

Telex: Bastel Tv 033-569 


JAPAN 
Yokogawa-Hewlett-Packard Ltd. 
Ohashi Building 

1-59-1 Yoyogi 

Shibuya-ku, Tokyo 

Tel: 03-370-2281/7 

Telex: 232-2024YHP 

Cable: YHPMARKET TOK 23-724 


Yokogawa-Hewlett-Packard Ltd. 
Nisei Ibaragi Bldg. 

2-2-8 Kasuga 

Ibaragi-Shi 

Osaka 

Tel: (0726) 23-1641 

Telex: 385-5332 YHPOSAKA 


Yokogawa-Hewlett-Packard Ltd. 
Ito Building 

No. 59, Kotori-cho 
Nakamura-ku, Nagoya City 
Tel: (052) 551-0215 


LUXEMBURG 
Hewlett-Packard Benelux 
S.A./N,V. 

Avenue du Col-Vert, 1 
B-1170 Brussels 

Tel: (03/02) 72 22 40 
Cable: PALOBEN Brussels 
Telex: 23 494 


NETHERLANDS 
Hewlett-Packard Benelux, N.V. 
Weerdestein 117 

P.O. Box 7825 

Amsterdam, Z 11 

Tel: 020-42 77 77 

Cable: PALOBEN Amsterdam 
Telex: 13 216 


NORWAY 
Hewlett-Packard Norge A/S 
Box 149 

Nesveien 13 

N-1344 Haslum 

Tel: (02)-53 83 60 

Telex: 16621 


PORTUGAL 

Telectra-Empresa Tecnica de 
Equipamentos 

Electricos S.a.r.1. 

Rua Rodrigo da Fonseca 103 

P.0. Box 2531 

Lisbon 1 

Tel: 68 60 72 

Cable: TELECTRA Lisbon 

Telex: 1598 


SPAIN 

Hewlett-Packard Espanola, S.A. 
Jerez No & 

Madrid 16 

Tel; 458 26 00 


AUSTRALIA 


Yokogawa-Hewlett-Packard Ltd. 
Nitto Bldg. 

2300 Shinohara-cho, 
Kohoku-ku 

Yokohama 222 

Tel: (405) 432-1504/5 


JORDAN 

Constantin E. Macridis 
Clemenceau Street 

P.O. Box 7213 

Beirut, Lebanon 

Tel: 220846 

Cable: ELECTRONUCLEAR Beirut 


KENYA 
Kenya Kinetics 
P.O. Box 18311 
Nairobi, Kenya 
Tel: 57726 
Cable: PROTON 


KOREA 

American Trading Co., 
Korea, Ltd. 

Seoul P.O. Box 1103 


7th & 8th floors, DaeKyung Bldg. 


107 Sejong Ro 
Chongro-Ku, Seoul 
Tel: 75-5841 (4 lines) 
Cable: AMTRACO Seoul 


LEBANON 

Constantin E. Macridis 
Clemenceau Street 

P.O. Box 7213 

Belrut 

Tel: 220846 

Cable: ELECTRONUCLEAR Beirut 


MALAYSIA 

MECOMB Malaysia Ltd. 

2 Lorong 13/6A 

Section 13 

Petaling Jaya, Selangor 
Cable: MECOMB Kuala Lumpur 


MOZAMBIQUE 

A. N. Goncalves, LDA. 
4.1 Apt. 14 Av. D. Luis 
P.O. Box 107 
Lourenco Marques 
Cable: NEGON 


NEW ZEALAND 
Hewlett-Packard (N.Z.) Ltd. 
94-96 Dixson St. 

P.O. Box 9443 

Wellington, N.Z. 

Tel: 56-559 

Cable: HEWPACK Wellington 


Hewlett Packard (N.Z.) Ltd. 
Box 51092 

Pukuranga 

Tel: 569-651 

Cable: HEWPACK, Auckland 


PAKISTAN (EAST) 
Mushko & Company, Ltd. 
1, Jinnah Avenue 

Dacca 2 

Tel: 280058 

Cable: NEWDEAL Dacca 


AND SERVICE 


SWEDEN 

Hewlett-Packard Sverige AB 

Enighetsvagen 1-3 

Fack 

S-161 20 Bromma 20 

Tel: (08) 98 12 50 

Cable: MEASUREMENTS 
Stockholm 

Telex: 10721 


Hewlett-Packard Sverige AB 
Hagakersgatan 9C 

S-431 41 M@lndal 

Tel: (031) 27 68 00/01 
Telex: 21 312 hpmindls 


SWITZERLAND 

Hewlett Packard (Schweiz) AG 
Zircherstrasse 20 

CH-8952 Schlieren Zurich 
Tel: (01) 98 18 21/24 

Cable: HPAG CH 

Telex: 53933 


Hewlett-Packard (Schweiz) AG 
Rue du Bois-du-Lan 7 

P.O. Box 85 

1217 Meyrin 2 Geneva 

Tel: (022) 41 54 00 

Cable: HEWPACKSA Geneva 
Telex: 27333 HPSA CH 


TURKEY 

Telekom Engineering Bureau 
P.0. Box 376 

Karakoy 

Istanbul 

Tel: 49 40 40 

Cable: TELEMATION Istanbul 


PAKISTAN (WEST) 
Mushko & Company, Ltd. 
Oosman Chambers 

Abdullah Haroon Road 
Karachi 3 

Tel: 511027, 512927 

Cable: COOPERATOR Karachi 


Mushko & Company, Ltd. 
38B, Satellite Town 
Rawalpindi 

Tel: 41924 

Cable: FEMUS Rawalpindi 


PHILIPPINES 
Electromex Inc. 

5th Floor, Architects 
Center Bldg. 

Ayala Ave., Makati, Rizal 
C.C.P.0. Box 1028 
Makati, Rizal 

Tel: 86-18-87, 87-76-77 
Cable: ELEMEX Manila 


SINGAPORE 

Mechanical and Combustion 
Engineering Company Ltd. 

9, Jalan Kilang 

Red Hill Industrial Estate 

Singapore, 3 

Tel: 642361-3; 632611 

Cable: MECOMB Singapore 


Hewlett-Packard Far East 
Area Office 

P.0. Box 87 

Alexandra Post Office 
Singapore 3 

Tel: 633022 

Cable: HEWPACK SINGAPORE 


SOUTH AFRICA 

Hewlett Packard South Africa 
(Pty.), Ltd. 

P.O. Box 31716 

Braamfontein Transvaal 

Milnerton 

30 De Beer Street 

Johannesburg 

Tel: 725-2080, 725-2030 

Telex: 0226 JH 

Cable: HEWPACK Johannesburg 


Hewlett Packard South Africa 
(Pty.), Ltd. 

Breecastle House 

Bree Street 

Cape Town 

Tel: 3-6019, 3-6545 

Cable: HEWPACK Cape Town 

Telex: 5-0006 


Hewlett Packard South Africa 
(Pty.), Ltd. 

641 Ridge Road, Durban 

P.0. Box 99 

Overport, Natal 

Tel: 88-6102 

Telex: 567954 

Cable: HEWPACK 


UNITED KINGDOM 
Hewlett-Packard Ltd. 
224 Bath Road 
Slough, SL1 4 DS, Bucks 
Tel: Slough (0753) 33341 
Cable: HEWPIE Slough 
Telex: 84413 


Hewlett-Packard Ltd 
“The Graftons’”’ 
Stamford New Road 
Altrincham, Cheshire 
Tel: (061) 928-8626 
Telex: 668068 


YUGOSLAVIA 

Belram S.A. 

83 avenue des Mimosas 
Brussels 1150, Belgium 
Tel: 34 33 32, 34 26 19 
Cable: BELRAMEL Brussels 
Telex: 21790 


SOCIALIST COUNTRIES 
PLEASE CONTACT: 
Hewlett-Packard Ges.m.b.H 
Innstrasse 23/2 

Postfach 45 

A-1204 Vienna, Austria 

Tel: (0222) 33 66 06-09 
Cable: HEWPACK Vienna 
Telex: 75923 hewpak a 


ALL OTHER EUROPEAN 

COUNTRIES CONTACT: 

Hewlett-Packard S.A. 

Rue du Bois-du-Lan 7 

1217 Meyrin 2 Geneva 
Switzerland 

Tel: (022) 41 54 00 

Cable: HEWPACKSA Geneva 

Telex: 2.24.86 


TAIWAN 

Hewlett Packard Taiwan 
39 Chung Shiao West Road 
Sec. 1 

Overseas Insurance 
Corp. Bldg. 7th Floor 
Taipei 

Tel: 389160,1,2, 375121, 
Ext. 240 

Telex: TP824 HEWPACK 
Cable: HEWPACK Taipei 


THAILAND 

The International 
Engineering Co., Ltd. 

P. 0. Box 39 

614 Sukhumvit Road 

Bangkok 

Tel: 910722 (7 lines) 

Cable: GYSOM 

TLX INTENCO BK-226 Bangkok 


UGANDA 

Uganda Tele-Electric Co., Ltd. 
P.0. Box 4449 

Kampala 

Tel: 57279 

Cable: COMCO Kampala 


VIETNAM 

Peninsular Trading Inc. 

P.O. Box H-3 

216 Hien-Vuong 

Salgon 

Tel: 20805, 93398 

Cable: PENTRA, SAIGON 242 


ZAMBIA 

R. J. Tilbury (Zambia) Ltd. 
P.0. Box 2792 

Lusaka 

Zambia, Central Africa 
Tel: 73793 

Cable: ARJAYTEE, Lusaka 


MEDITERRANEAN AND 
MIDDLE EAST COUNTRIES 
NOT SHOWN PLEASE 
CONTACT: 
Hewlett-Packard 
Co-ordination Office for 
Mediterranean and Middle 
East Operations 

Via Marocco, 7 

1-00144 Rome-Eur, Italy 
Tel: (6) 59 40 29 

Cable: HEWPACKIT Rome 
Telex: 61514 


OTHER AREAS NOT 
LISTED, CONTACT: 
Hewlett-Packard 

INTERCONTINENTAL 
3200 Hillview Ave. 
Palo Alto, California 94304 
Tel: (415) 326-7000 

(Feb. 71 493-1501) 

TWX: 910-373-1267 
Cable: HEWPACK Palo Alto 
Telex: 034-8461 
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AUSTRIA 
Hewlett-Packard Ges.m.b.H 
Innstrasse 23/2 

Postfach 45 

A-1204 Vienna 

Tel: (0222) 33 66 06-09 
Cable: HEWPAK Vienna 
Telex: 75923 hewpak a 


BELGIUM 
Hewlett-Packard Benelux 
S.A./N.V. 

Avenue du Col-Vert, 1 
B-1170 Brussels 

Tel: (02) 72 22 40 

Cable: PALOBEN Brussels 
Telex: 23 494 


DENMARK 
Hewlett-Packard A/S 
Datavej 38 

DK-3460 Birkerod 
Tel: (01) 81 66 40 
Cable: HEWPACK AS 
Telex: 16640 hp as 


Hewlett-Packard A/S 
Torvet 9 

DK-8600 Silkeborg 
Tel: (06)-82-71-66 
Telex: 16640 hp as 
Cable: HEWPACKAS 


FINLAND 
Hewlett-Packard Oy 
Bulevardi 26 

P.O. Box 12185 

SF-00120 Helsinki 12 

Tel: 13-730 

Cable: HEWPACKOY-Helsinki 
Telex: 12-1563 


FRANCE 
Hewlett-Packard France 
Quartier de Courtaboeuf 
Boite Postale No. 6 

F-91 Orsay 

Tel: (1) 907 78 25 
Cable: HEWPACK Orsay 
Telex: 60048 


ANGOLA 

Telectra Empresa Técnia 
de Equipamentos Eléctricos 
SAR 

Rua de Barbosa Rodrigues 
42-1° 

Box 6487 

Luanda 

Cable: TELECTRA Luanda 


AUSTRALIA 

Hewlett-Packard Australia 
Pty. Ltd. 

22-26 Weir Street 

Glen Iris, 3146 

Victoria 

Tel: 20.1371 (6 lines) 

Cable: HEWPARD Melbourne 

Telex: 31024 


Hewlett-Packard Australia 
Pty. Ltd. 

61 Alexander Street 

Crows Nest 2065 

New South Wales 

Tel: 43.7866 

Cable: HEWPARD Sydney 

Telex: 21561 


Hewlett-Packard Australia 
Pty, Ltd. 

97 Churchill Road 

Prospect 5082 

South Australia 

Tel; 65.2366 

Cable: HEWPARD Adelaide 


Hewlett Packard Australia 
Pty. Ltd. 

2nd Floor, Suite 13 

Casablanca Buildings 

196 Adelaide Terrace 

Perth, W.A. 6000 

Tel: 21-3330 

Cable: HEWPARD Perth 


Hewlett-Packard Australia 
Pty. Ltd. 

10 Woolley Street 

P70. Box 191 

Dickson A.C.T. 2602 

Tel: 49-8194 

Cable: HEWPARD Canberra 


Hewlett-Packard Australia 
Pty. Ltd. 

6 Harvard Street 

P.O. Box 135 

Kenmore 4069 Queensland 
Tel: 78 6069 


CEYLON 

United Electricals Ltd. 
P.O. Box 681 

Yahala Building 

Staples Street 

Colombo 2 

Tel: 5496 

Cable: HOTPOINT Colombo 


HEWLETT: PACKARD 


ELECTRONIC INSTRUMENTATION SALES 
EUROPE, AFRICA, ASIA, AUSTRALIA 


Hewlett-Packard France 
4 Quai des Etroits 

F-69 Lyon 5éme 

Tel: (78) 42 63 45 
Cable: HEWPACK Lyon 
Telex: 31617 


Hewlett-Packard France 
29 rue de la Gare 

F-31 Blagnac 

Tel: (61) 85 82 29 
Telex: 51957 


GERMAN FEDERAL 
REPUBLIC 

Hewlett-Packard Vertriebs-GmbH 
Berliner Strasse 117 

Postfach 560/40 

D-6 Nieder-Eschbach/Ffm 56 
Tel: (0611) 50-04-1 

Cable: HEWPACKSA Frankfurt 
Telex: 41 32 49 FRA 


Hewlett-Packard Vertriebs-GmbH 
Herrenbergerstrasse 110 
D-7030 Béblingen, Wirttemberg 
Tel: (07031) 66 72 86 

Cable; HEPAK Boéblingen 

Telex: 72 65 739 


Hewlett-Packard Vertriebs-GmbH 
Vogelsanger Weg 38 

D-4 Diisseldorf 

Tel: (0211) 63 80 31/35 

Telex: 85/86 533 


Hewlett-Packard Vertriebs-GmbH 
Wendenstr, 23 

D-2 Hamburg 1 

Tel: (0411) 24 05 51/52 

Cable: HEWPACKSA Hamburg 
Telex: 21 53 32 


CYPRUS 

Kypronics 

19 Gregorios & Xenopoulos Road 
P.O. Box 1152 

Nicosia 

Tel: 6282-75628 

Cable: HE-I-NAMI 


ETHIOPIA 

African Salespower & Agency 
Private Ltd., Co. 

P. 0. Box 718 

58/59 Cunningham St. 

Addis Ababa 

Tel; 12285 

Cable: ASACO Addisababa 


HONG KONG 

Schmidt & Co. (Hong Kong) Ltd. 
P.0. Box 297 

1511, Prince’s Building 15th Floor 
10, Chater Road 

Hong Kong 

Tel: 240168, 232735 

Cable: SCHMIDTCO Hong Kong 


INDIA 

Blue Star Ltd. 
Kasturi Buildings 
Jamshedji Tata Rd. 
Bombay 20BR, India 
Tel: 29 50 21 

Telex: 2156 

Cable: BLUEFROST 


Blue Star Ltd. 

Band Box House 
Prabhadevi 

Bombay 25DD, India 
Tel: 45 73 01 

Telex: 2156 

Cable: BLUESTAR 


Blue Star Ltd. 
14/40 Civil Lines 
Kanpur, India 
Tel: 6 88 82 
Cable: BLUESTAR 


Blue Star, Ltd. 
7 Hare Street 
P.0. Box 506 
Calcutta 1, India 
Tel: 23-0131 
Telex: 655 
Cable: BLUESTAR 


Blue Star Ltd. 

Blue Star House, 
34 Ring Road 
Lajpat Nagar 

New Delhi 24, India 
Tel: 62 32 76 
Telex: 463 

Cable: BLUESTAR 


Blue Star Ltd. 
17-C Ulsoor Road 
Bangalore-8 


EUROPE 


Hewlett-Packard Vertriebs-GmbH 


Unterhachinger Strasse 28 
ISAR Center 

D-8012 Ottobrunn 

Tel: (0811) 60 13 061-7 
Telex: 05-24985 

Cable: HEWPACKSA Michen 


(West Berlin) 

Hewlett-Packard Vertriebs-GmbH 
Wilmersdorfer Strasse 113/114 
D-1000 Berlin W. 12 

Tel: (0311) 3137046 

Telex: 18 34 05 


GREECE 

Kostas Karayannis 

18, Ermou Street 

Athens 126 

Tel: 230301,3,5 

Cable: RAKAR Athens 
Telex: 21 59 62 RKAR GR 


IRELAND 
Hewlett-Packard Ltd. 
224 Bath Road 

Slough, SL1 4 DS, Bucks 
Tel: Slough 753-33341 
Cable: HEWPIE Slough 
Telex: 84413 


ITALY 

Hewlett-Packard Italiana S.p.A. 
Via Amerigo Vespucci 2 
1-20124 Milan 

Tel: (2) 6251 (10 lines) 

Cable: HEWPACKIT Milan 
Telex: 32046 


Hewlett-Packard Italiana S.p.A. 
Via Marocco, 7 

1-00144 Rome - Eur 

Tel: (6) 5912544/5, 5915947 
Cable: HEWPACKIT Rome 
Telex: 61514 


AFRICA, ASIA, 


Blue Star, Ltd. 

96 Park Lane 
Secunderabad 3, India 
Tel: 7 63 91 

Cable: BLUEFROST 


Blue Star, Ltd. 

23/24 Second Line Beach 
Madras 1, India 

Tel: 2 39 55 

Telex: 379 

Cable: BLUESTAR 


Blue Star, Ltd. 

1B Kaiser Bungalow 
Dindli Road 
Jamshedpur, India 
Tel: 38 04 

Cable: BLUESTAR 


INDONESIA 

Bah Bolon Trading Coy. N.V. 
Djalah Merdeka 29 
Bandung 

Tel: 4915; 51560 

Cable: ILMU 

Telex: 08-809 


IRAN 

Telecom, Ltd. 

P. 0. Box 1812 

240 Kh. Saba Shomali 
Teheran 

Tel; 43850, 48111 
Cable: BASCOM Teheran 
Telex: 2664 


ISRAEL 

Electronics & Engineering 
Div. of Motorola Israel Ltd. 

17 Aminadav Street 

Tel-Aviv 

Tel: 36941 (3 lines) 

Cable: BASTEL Tel-Aviv 

Telex: Bastel Tv 033-569 


JAPAN 
Yokogawa-Hewlett-Packard Ltd. 
Ohashi Building 

1-59-1 Yoyogi 

Shibuya-ku, Tokyo 

Tel; 03-370-2281/7 

Telex: 232-2024YHP 

Cable: YHPMARKET TOK 23-724 


Yokogawa-Hewlett-Packard Ltd. 
Nisei Ibaragi Bldg. 

2-2-8 Kasuga 

Ibaragi-Shi 

Osaka 

Tel: (0726) 23-1641 

Telex: 385-5332 YHPOSAKA 


Yokogawa-Hewlett-Packard Ltd. 
Ito Building 

No. 59, Kotori-cho 
Nakamura-ku, Nagoya City 
Tel: (052) 551-0215 


LUXEMBURG 
Hewlett-Packard Benelux 
S.A./N.V. 

Avenue du Col-Vert, 1 
B-1170 Brussels 

Tel: (03/02) 72 22 40 
Cable: PALOBEN Brussels 
Telex: 23 494 


NETHERLANDS 
Hewlett-Packard Benelux, N.V. 
Weerdestein 117 

P.O. Box 7825 

Amsterdam, Z 11 

Tel: 020-42 77 77 

Cable: PALOBEN Amsterdam 
Telex: 13 216 


NORWAY 
Hewlett-Packard Norge A/S 
Box 149 

Nesveien 13 

N-1344 Haslum 

Tel: (02)-53 83 60 

Telex: 16621 


PORTUGAL 

Telectra-Empresa Tecnica de 
Equipamentos 

Electricos S.a.r.l. 

Rua Rodrigo da Fonseca 103 

P.O. Box 2531 

Lisbon 1 

Tel: 68 60 72 

Cable: TELECTRA Lisbon 

Telex: 1598 


SPAIN 

Hewlett-Packard Espanola, S.A. 
Jerez No 8 

Madrid 16 

Tel: 458 26 00 


AUSTRALIA 


Yokogawa-Hewlett-Packard Ltd. 
Nitto Bldg. 

2300 Shinohara-cho, 
Kohoku-ku 

Yokohama 222 

Tel: (405) 432-1504/5 


JORDAN 

Constantin E. Macridis 
Clemenceau Street 

P.0. Box 7213 

Beirut, Lebanon 

Tel: 220846 

Cable: ELECTRONUCLEAR Beirut 


KENYA 

Kenya Kinetics 
P.O. Box 18311 
Nairobi, Kenya 
Tel: 57726 
Cable: PROTON 


KOREA 

American Trading Co., 
Korea, Ltd. 

Seoul P.O. Box 1103 


7th & 8th floors, DaeKyung Bldg. 


107 Sejong Ro 
Chongro-Ku, Seoul 
Tel: 75-5841 (4 lines) 
Cable: AMTRACO Seoul 


LEBANON 

Constantin E. Macridis 
Clemenceau Street 

P.O. Box 7213 

Belrut 

Tel: 220846 

Cable: ELECTRONUCLEAR Beirut 


MALAYSIA 

MECOMB Malaysia Ltd. 

2 Lorong 13/6A 

Section 13 

Petaling Jaya, Selangor 
Cable: MECOMB Kuala Lumpur 


MOZAMBIQUE 

A. N. Goncalves, LDA. 
4.1 Apt. 14 Av. D. Luis 
P.O. Box 107 
Lourenco Marques 
Cable: NEGON 


NEW ZEALAND 
Hewlett-Packard (N.Z.) Ltd. 
94-96 Dixson St. 

P.O. Box 9443 

Wellington, N.Z. 

Tel: 56-559 

Cable: HEWPACK Wellington 


Hewlett Packard (N.Z.) Ltd. 
Box 51092 

Pukuranga 

Tel: 569-651 

Cable: HEWPACK, Auckland 


PAKISTAN (EAST) 
Mushko & Company, Ltd. 
1, Jinnah Avenue 
Dacca 2 

Tel: 280058 

Cable: NEWDEAL Dacca 


AND SERVICE 


SWEDEN 

Hewlett-Packard Sverige AB 

Enighetsvagen 1-3 

Fack 

S-161 20 Bromma 20 

Tel: (08) 98 12 50 

Cable: MEASUREMENTS 
Stockholm 

Telex: 10721 


Hewlett-Packard Sverige AB 
Hagakersgatan 9C 

S-431 41 MGIndal 

Tel: (031) 27 68 00/01 
Telex: 21 312 hpmindls 


SWITZERLAND 

Hewlett Packard (Schweiz) AG 
Ziircherstrasse 20 

CH-8952 Schlieren Zurich 
Tel: (01) 98 18 21/24 

Cable: HPAG CH 

Telex: 53933 


Hewlett-Packard (Schweiz) AG 
Rue du Bois-du-Lan 7 

P.O. Box 85 

1217 Meyrin 2 Geneva 

Tel: (022) 41 54 00 

Cable: HEWPACKSA Geneva 
Telex: 27333 HPSA CH 


TURKEY 

Telekom Engineering Bureau 
P.O. Box 376 

Karakoy 

Istanbul 

Tel: 49 40 40 

Cable: TELEMATION Istanbul 


PAKISTAN (WEST) 
Mushko & Company, Ltd. 
Oosman Chambers 

Abdullah Haroon Road 
Karachi 3 

Tel: 511027, 512927 

Cable: COOPERATOR Karachi 


Mushko & Company, Ltd. 
38B, Satellite Town 
Rawalpindi 

Tel: 41924 

Cable: FEMUS Rawalpindi 


PHILIPPINES 
Electromex Inc. 

5th Floor, Architects 
Center Bldg. 

Ayala Ave., Makati, Rizal 
C.C.P.0. Box 1028 
Makati, Rizal 

Tel: 86-18-87, 87-76-77 
Cable: ELEMEX Manila 


SINGAPORE 

Mechanical and Combustion 
Engineering Company Ltd. 

9, Jalan Kilang 

Red Hill Industrial Estate 

Singapore, 3 

Tel: 642361-3; 632611 

Cable: MECOMB Singapore 


Hewlett-Packard Far East 
Area Office 

P.0. Box 87 

Alexandra Post Office 
Singapore 3 

Tel: 633022 

Cable: HEWPACK SINGAPORE 


SOUTH AFRICA 

Hewlett Packard South Africa 
(Pty.), Ltd. 

P.O. Box 31716 

Braamfontein Transvaal 

Milnerton 

30 De Beer Street 

Johannesburg 

Tel: 725-2080, 725-2030 

Telex: 0226 JH 

Cable: HEWPACK Johannesburg 


Hewlett Packard South Africa 
(Pty.), Ltd. 

Breecastle House 

Bree Street 

Cape Town 

Tel: 3-6019, 3-6545 

Cable: HEWPACK Cape Town 

Telex: 5-0006 


Hewlett Packard South Africa 
(Pty.), Ltd. 

641 Ridge Road, Durban 

P.0. Box 99 

Overport, Natal 

Tel: 88-6102 

Telex: 567954 

Cable: HEWPACK 


UNITED KINGDOM 
Hewlett-Packard Ltd. 
224 Bath Road 
Slough, SL1 4 DS, Bucks 
Tel: Slough (0753) 33341 
Cable: HEWPIE Slough 
Telex: 84413 


Hewlett-Packard Ltd 
“The Graftons’’ 
Stamford New Road 
Altrincham, Cheshire 
Tel: (061) 928-8626 
Telex: 668068 


YUGOSLAVIA 

Belram S.A. 

83 avenue des Mimosas 
Brussels 1150, Belgium 
Tel: 34 33 32, 34 26 19 
Cable: BELRAMEL Brussels 
Telex: 21790 


SOCIALIST COUNTRIES 
PLEASE CONTACT: 
Hewlett-Packard Ges.m.b.H 
Innstrasse 23/2 

Postfach 45 

A-1204 Vienna, Austria 

Tel: (0222) 33 66 06-09 
Cable: HEWPACK Vienna 
Telex: 75923 hewpak a 


ALL OTHER EUROPEAN 

COUNTRIES CONTACT: 

Hewlett-Packard S.A. 

Rue du Bois-du-Lan 7 

1217 Meyrin 2 Geneva 
Switzerland 

Tel: (022) 41 54 00 

Cable: HEWPACKSA Geneva 

Telex: 2.24.86 


TAIWAN 

Hewlett Packard Taiwan 
39 Chung Shiao West Road 
Sec. 1 

Overseas Insurance 
Corp. Bldg. 7th Floor 
Taipei 

Tel: 389160,1,2, 375121, 
Ext. 240 

Telex: TP824 HEWPACK 
Cable: HEWPACK Taipei 


THAILAND 

The International 
Engineering Co., Ltd. 

P. 0. Box 39 

614 Sukhumvit Road 

Bangkok 

Tel: 910722 (7 lines) 

Cable: GYSOM 

TLX INTENCO BK-226 Bangkok 


UGANDA 

Uganda Tele-Electric Co., Ltd. 
P.O. Box 4449 

Kampala 

Tel: 57279 

Cable: COMCO Kampala 


VIETNAM 

Peninsular Trading Inc. 

P.O. Box H-3 

216 Hien-Vuong 

Saigon 

Tel: 20805, 93398 

Cable: PENTRA, SAIGON 242 


ZAMBIA 

R. J. Tilbury (Zambia) Ltd. 
P.0. Box 2792 

Lusaka 

Zambia, Centra! Africa 
Tel: 73793 

Cable: ARJAYTEE, Lusaka 


MEDITERRANEAN AND 
MIDDLE EAST COUNTRIES 
NOT SHOWN PLEASE 
CONTACT: 
Hewlett-Packard 
Co-ordination Office for 
Mediterranean and Middle 
East Operations 

Via Marocco, 7 

1-00144 Rome-Eur, Italy 
Tel: (6) 59 40 29 

Cable: HEWPACKIT Rome 
Telex: 61514 


OTHER AREAS NOT 
LISTED, CONTACT: 
Hewlett-Packard 

INTERCONTINENTAL 
3200 Hillview Ave. 
Palo Alto, California 94304 
Tel: (415) 326-7000 

(Feb. 71 493-1501) 

TWX: 910-373-1267 
Cable: HEWPACK Palo Alto 
Telex: 034-8461 
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